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FI ELD OF THE I NVENTION 5 Hi gh density pol yet hyl ene (HDPE) made using :
certain_late transition netal containing catalysts has_] o er vapor
and/ or JXQ8¥ABYr ansni ssion rates than sinilar HDPEs naﬂ%”ﬁgﬁﬁéﬁ%ther i
pol yneri zation catal ysts, thereby making them superior in uses, such as
packagi ng, where | ower water 10 varrpTi®End/ or oxygen perneation rates are

advant ageous. TECHN g& Sity, thyl ene (HDPE) is an
| nportant com ner m”y%%r’%ﬁ%%w r&gﬁ%&t %ééxggkﬁé produced wor | dwi de.
15 HDPE is typically recognized (and is defined for the pur poses of the
present invention) as a substantiall& | i near sem -crystalline, polyner of

et hyl ene (preferably a hoWEEE&BLQEEI—Euiggﬂgggaﬁ occasi on contai ning very

m ngy anobunt gighf dehBety bl y&iidye kO NHITE' ShadePSIiBGSLBGLaidensity of 20
0.94 g/nL or higher., An inportant use of HDPE is in packagi ng, which may be
di vi ded 1@fk€otrRBS§EHRR APt ghesontaining (nabadyatP $13ch 1¥WeThBeteEs and
tanks, &R@oll 8raPLE BREEEA! PHaRskls SO AT AN EhRP¥ERRTax THOPESr MBI MRY be
formed by such nethods” as blow 25 or injection nolding, and the latter are
usual | y "egenegingonther| pelWaergplbien slatidve sy dherehy makifgone of whi ch
I s HDPE; LS4 Axpf agkagi 4 f n d because
of | ow Egse?!:)gr e%g%ls\xl‘e yogﬁgipformbéi?ié%é%ld %g?dogfh:?g%t gﬁgﬁge{g?éﬁnd for
som? pr Y@PSrs ahdy PHgOKYILP cPetatabion aranes fayre Gaivamtagsarsri al s eit her

del eterious to these products, or to keep the package's contents from
diffusing fromthe package and being |ost, such as water and/or oxygen.
Anong | WO 01/ 15899 PCT/ USO@EZHNZZAL BACKGROUND

High density polyethylene (HDPE) is an important com-

mercial product, large quantities being produced worldwide.
15 HDPE is typically recognized (and is defined for the pur-
poses of the present invention) as a substantially linear,
semi~-crystalline, polymer of ethylene (preferably a homo-
polymer but also on occasion containing very minor amounts
of other well-known comonomers), possessing a density of
20 0.94 g/mlL or higher.

An impdrtant use of HDPE is in packaging, which may be
divided into two general types - rigid packaging such as
bottles and tanks, and flexible packaging such as bags and *
pouches. The former may be formed by such methods as blow

25 or injection molding, and the latter are usually formed from
films having one or more layers, at least one of which is
HDPE.

HDPE is a favored packaging material for many products

because of low cost, relatively easy formability and good

30 toughness, and for some products having low permeation rates
for certain materials either deleterious to these products,
or to keep the package’s contents from diffusing from the

package and being lost, such as water and/or oxygen. Among



“the types of products where these | ow perneation rates are inportant are
foods, both dry and |iquid materials, and lu- bricating oils. For exanple

for dry w wat er vapor transm ssion rates are i keep the
-foods crlf‘g‘ggﬁlbsk%%hl | e | ow oxygen transm ssion rates are %@g&nﬂ or any
foods that may oxidize, formng off colors and/or tastes or snells in the
f ood. Theheowypesheft pandutrtsiwrerattdeasf liohwe pegachbjbngratee e ter the

f ood WI|| n , ggﬁqo r: o y. ored
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artisan. US5955555, \W99/ 12981, W99/ 4630Q 99/ 463 W99/ 46304,
W99/ 463d°°R §8P5288Y CHpBHFS 56H I A ors\magig%ai Stes 9r p

BritoveskmeAlisalin the €bea. Soke, 1&@nth£mﬁwmmlsamﬁ49a85@ 64998, and B.
L. Small, et al., Poly nL 20 Pre (Am Chem ? Pol ym Chem) vol.
39, p. 2PRckegd®g) EhE| PRRESYp %t@PdoWJrléf éraé?(‘?eaﬁg EFnI‘PB}F all pur- poses
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desirable to keep water in and/or oxygen out. Other combi-
15 nations will be obviocus to the artisan.

US5955555, W099/12981, W099/46302, W0S9/46303,
W099/46304, WO099/46308, W099/62963, WO00/15646, WO00/24788,
WO00/32641, G. J. P. Britovesk, et al., J. Chem. Soc., Chem.
Commun., p. 849-850 (19%8), and B. L. Small, et al., Polym.

20 Prepr. (Am. Chem. Soc., Div. Polym. Chem.) vol. 39, p. 213

(1998) (all incorporated by reference herein for all pur-
poses as if fully set forth), all report the polymerization
of ethylene using iron and cobalt complexes of certain tri-
dentate ligands. No mention is made of the use of the re-
25 sulting polymers for packaging where improved (lower) water
vapor and/or oxygen permeation rates of HPDE are of inter-

est.

SUMMARY OF THE INVENTION

30 Disclosed herein is a package comprising a high density
polyethylene obtainable (and preferably obtained) by polym-

erizing ethylene in the presence of a polymerization cata-



a conpound of the formula (I) RA RS RLRN N 5R7 (I) 5 whereini: R",
R2, R3, R4 and R5 are each independently selected fromthe group

consi sting of hydrogen, a hydrocarbyl, an in- ert functiaonal group and a
substitutéﬂoﬂyﬂgﬂbarbyl; and R6 and R are each independéﬁ?ﬁ?gyap ted from
the group 10 consisting of aryl and substituted aryl. This invention al so
CoNncerns a)pkoC@sfpdriint WHikG dompailégean COrgH i R@Hale sbmplenfof (a)

pol yneri zing ethylene in_the presence of a polym erization catalyst
conponent & o°PERIHM Gf &@ﬁs#@&mﬂéﬁythyl- 15 ene, the polynerization

catal yst conponent conprising. an iron g cobalt conpl.ex of a compound of
the forrula R4 Rs RN R-N 5 Rfr rein: Rl, R2, R3, R4 and R6
are each i ndependently sel ected 20 roup consisting of hydrogen
hydrocarbyl, an inert functional gr r substituted hydrocarbyl; and 3
wool /15"9" PCT/ US00/ 24182 R6 and R/ aryl or substituted aryl; and

R \ /N

5 wherein:

R*, R?, R?®, R*® and R® are each independently selected
from the group consisting of hydrogen, a hydrocarbyl, an in-
ert functional group and a substituted hydrocarbyl; and

R® and R’ are each independently selected from the group

10 consisting of aryl and substituted aryl.

Thig invention also concerns a process for making a
package, comprising the steps of:

(a) polymerizing ethylene in the presence of a polym-
erization catalyst component to form high density polyethyl-

15 ene, the polymerization catalyst component comprising an

iron or cobalt complex of a compound of the formula

RS
R! '——M/
R
\ 7/
=N
\7
R® R, (1)

wherein:
R}, R?, R?®, R* and R® are each independently selected
20 from the group consisting of hydrogen, hydrocarbyl, an inert

functional group or substituted hydrocarbyl; and

AT



“(b) formng said polyethylene into said package. Preferably the package
referred to above is arigid storage tank or is otherw se based upon a

mul til ay 5 or filmcontaining at |east one |ayepfusofsarb? Whi ch at
-1 east on?oo@nﬁg | ayers conprises, the HDPE defi ned abo&ec? Tﬂlis ilﬂlnvention

further concerns a process for lowering the water vapor and/or oxygen
transm ssi on Ratans & arparkyl e subfifidatacearaili agdt in part with a

first HOPE, cepy #QrRiAsidid l%zte%ﬁ’%z?fenéeﬁipési Egi%%éémﬁﬁége manuf act ure

of said package, at least a portion the first HDPE . second HDPE
obt ai nabl e (aRdeferdkintihe dackaged referpely or abpyeénis ca gdakte in t he

presence o] ri | l_y.s n ' rd an iron or
Cobal 1 c8apr o R e e MLAMEE baoFATERE S WIENEPER 4 TV "R R
(1) Swhepe AilRlcoRRaimng RE drehsiS coree layelr ofidepenierwhickatected from
t he grou sistin drogen hydr.oc y N.lP: functional
group ange?s)gugg%i ?gttg%e %a&e&%ard@ﬁm%ﬁg,ékgngnfﬁ %%gl%%%hgk%éryoee'pendent |y
sel ected fronThhe gnoepicoBimitieyy cahceryls angreobssi fot etowsying Thi s
invention,still further %?%};er ns a process f.or ., Igowe he wat.er vapor

C i ng
and/ or o¥V§eH2EPENEAPRE FHQK SFYGED X aRsPIERA] ﬁﬁ%ﬁ?a%%u?e%a‘f om one or
mor ef | ay ag® &Enf&f&bt\:.iji'ed‘llxkiﬁléaﬁﬂf)ri{rﬁ ipagtt ha tht apfﬁ:i-fst emblmj Ngom-dur i Pg t he
manuf ac- tyre of said package, at |east,  a.portion of at |east one of 4 WD
01/ 1¥899 PEEPABE0H ?4§%§P.°€t??é°llaéi}é%gs Gaxd F#‘FSWPBEECW.{?} %é)l ayer of a
second HgREd package, at least a portion of the first HDPE with a

second HDPE obtainable (and preferably obtained) by polymer-
izing ethylene in the presence of a polymerization catalyst
component which comprises an iron or cobalt complex of a

15 compound of the formula (I)

a
1
R =N
R% N
\ 7
__N\
R R (1)

wherein:
R*, R?, R?, R* and R® are each independently selected
from the group consisting of hydrogen, a hydrocarbyl, an in-
20 ert functional group and a substituted hydrocarbyl; and
R® and R’ are each independently selected from the group
consisting of aryl and substituted aryl.
This invention still further concerns a process for
lowering the water vapor and/or oxygen transmission rates of
25 a package manufactured from one or more lavers of a first
HDPE, comprising the step of replacing, during the manufac-

ture of said package, at least a portion of at least one of



obt ai nabl e (and preferably obtained) by polynerizing ethyl ene in the
presence of a polynerization catal yst conponent which conprises an iron or
cobalt conmplex of a compound of 5 the formula (1) R&A Rg Rt -N R NND5 R7
(1) wher eNQOI/IS89 R2. R3, R4 and R5 are each independent PETASOMRMIE from
the group consisting of hydrogen, a hydrocarbyl, an in- 10 ert functi onal
group and &, Yhstd ubed cRdEEaE biybre ARk RG aBgeR7oar g S86bnd nesmendent | y
selected fromthe group_ consisting of aryl_and substituted aryl. DETAI LED
DESCRI PTI @ter makd epREPERRESE expleky MFes iesl) HoY e PRL¥BRTRF P9 e‘?%’ Ire used

whi ch are def ined aeloWsenfe " BY 05 OSGTMidriH=24Rn tatalYSt Vab@Fdndtoup
containing only carbon and hydrogen. As exanpl es of ydrocarq¥ls may be
ment i oned whisthhsormniegsapry 500 c9E| eolhadh sompdesr 9Fsa” cPPPARd Rhher wi se
stated, it 4 rr t hat hydrocarbyl 20 groups (and al kyl groups)
hereinscoﬁ?gfdﬂ; fgaagg&t 30 car- bon atonms. By "substituted hydrocarbyl"”
herein is meant a hydro- carbyl grdip thgfs contains one or nore substituent
groups which are inert under gthe pNocesg conditions to which the 25
conpound cont ai ni ng these grou S Nected (e.g., an in- ert functional
group, see below). The substitu roups also do not substantially
detrinentally interfere with thg | 111 WO 01/ 15899 PCT/ US00/ 24182

pol ymeri zati on process or f the polynerization catalyst system
I f not otherwi se stated, it is rred

o R (1)
wherein:
R*, R?, R®, R* and R® are each independently selected
from the group consisting of hydrogen, a hydrocarbyl, an in-
10 ert functional group and a substituted hydrocarbyl; and
R® and R’ are each independently selected from the group

consisting of aryl and substituted aryl.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

15 Herein certain terms are used which are defined below.
A "hydrocarbyl group" is a univalent group containing
only carbon and hydrogen. As examples of hydrocarbyls may
be mentioned unsubstituted alkyls, cycloalkyls and aryls.
If not otherwise stated, it is preferred that hydrocarbyl
20 groups (and alkyl groups) herein contain 1 to about 30 car-
bon atoms.

By "substituted hydrocarbyl" herein is meant a hydro-
carbyl group that contains one or more substituent groups
which are inert under the process conditions to which the

25 compound containing these groups is subjected (e.g., an in-
ert functional group, see below). The substituent groups

also do not substantially detrimentally interfere with the



"that substituted hydrocarbyl groups herein contain 1 to about 30 carbon
atons. | ncl uded in t.he nmeani ng of "substi 5 tuted" are rings containing one

nor e such as nitrogen, oxygen and/or
'SUbStItu[\&h%F(% ocar- byl, all of the hydrogens may be gt%ﬂps?on? , as in
trifluo- ronmethyl. By "(inert) functional group"” herein is neant a group,

10 ot her gdigymemjidrbéanbypraressubeti tapeswhtiipayr oc:ér tjole, mmefriszaﬁi:mt under
t he proce it o] c h d ai ni.n

subj ect ecfsif'ﬁ&gg étloser‘f;al grfougcs’e 8 gggggﬁo éf aﬁkzl gﬁ ;Erﬁ ; erl ousl y

I nt erfer ehatt hsahytlpubeéssh}diasmax‘rqu hgreupst Mret:h:e conpaimd 1 n twhich
they are ke part nn of functlo I, QLOURS i nN-

cl ude hal%)o(‘% éor Ocarﬁ:?{noragt "ﬁoomI%cn ﬁdgo])n etsnd ther™ Eg{b 50

wher ef n Raftdd® lager ad.a:gisylcomtaiubﬁgl bnéedrhmdrechete:bryaitomm camﬂfs den which
t he functignal oup may be transifion functi onal
group al cﬂfg:rsclﬁ?g’i GE%’Q%’O r°d7| r‘?éilé"utro th]é“ g\?‘b%{ ?F@é‘%fﬁ% y than
the groupsyl, miliheFe wRMYdidgehBanag BeSBavst 86uted, ddaid ngeiflddie et al
atom that is they shoul d not displace the desired co- ordinating group. By

a "cocat a?%’%et hydr-"a "catal yst activator" is neant 25 one or nore conpounds

that react w gy a‘(tlhéﬂ'%')tfﬁﬁcﬂ'fbﬁél SESHOU Nk et of qrsrm@anacaly%@g cat al yst
speci es. One such catalyst_ activator is an "al Ial al um num corrpound

whi cHO  HIheH thag hydxecarbylpetinguPst Hites dtvdresarbyle WhkGR i§roup is

bound to Ak %Hd@fntﬁhoﬁko@éggrcéﬁ&%ﬁ% aghici0 thel c8¥pBRhE. al koxi de,
hydri de and hal ogen may al so be bound to alum num atons_ih the conpound.

By "aryl "confaisdmg sheosgeupeie swbiected gr othe ifungtionalt grorpee val ence
to they 0 9 / 0/ 24182
i s m{/@cf]%"ﬁ%tt @u%@ﬁ%?\tﬁ&?i?at éléﬁéglou%%y\qhxﬁje!&%%% with/ 4R8¢9

An aryl ave one or IC rings
process described herein that the compound 1n which they are

15 present may take part in. Examples of functional groups in-

clude halo (fluoro, chloro, bromo and iodo), and ether such

as -OR*® wherein R®*® is hydrocarbyl or substituted hydrocar-
byl. In cases in which the functional group may be near a
transition metal atom, the functional group alone should not
20 coordinate to the metal atom more strongly than the groups
in those compounds that are shown as coordinating to the
metal atom, that is they should not displace the desired co-
ordinating group.
By a “cocatalyst” or a “catalyst activator” is meant
25 one or more compounds that react with a transition metal
compound to form an activated catalyst species. One such
catalyst activator is an “alkyl aluminum compound” which,
herein, is meant a compound in which at least one alkyl
group is bound to an aluminum atom. Other groups such as,
30 for example, alkoxide, hydride and halogen may also be bound
to aluminum atoms in the compound.
By “aryl” is meant a monovalent aromatic group in which

the free valence is to the carbon atom of an aromatic ring.



fused, connected by single bonds or other groups. By "substituted aryl"” is
meant a nonoval ent aromatic group substituted as set forth in the above
definition of 5 "substituted hydrocarbyl”. Simlar to an aryl, a substi
tuted aryl Wo158%e one or nore aromatic rings which nmay PEIUSWR24182
connected by single bonds or other groups; however, when the substituted
aryl has apheipfpanfibidve onkdort R8rel 4£86myE ENCdh %sﬂwtﬂi%hSHﬁ?t bguted aryl
group can be to a het 10 eroatom (such as nitrogen) of the heteroaromatic
ring in- sfegedofcepneqtssh byppingde pends on RdHST @6eaPeng” (or "weakly
coordi nat- ing"gy a@&h’%ﬁﬁ.&eﬁeﬁﬂﬁd" 9§ en@dhioNs rishdfA BeNakdhhyice- ferred
toin the art |n t hi s manner, d the coordinating 15 ability of such

ani ons i s G¥RMR W%%ﬁsdﬁéug@?éﬁhlw the ahquer slefdaitien obr | nst ance
W Beck., e S 98)

St ar es!S Che%nuﬁétIt Hyﬁ%\éarby%?? 1&1](%(\53 ]aA}ﬁ Q Egare hereby

i ncl uded byuted ea:aﬂcenamrk@rvg Qn@hoanmm @rmmgmswmzb waprPal uni num
conmpounds as ub par agr aph
and X rEpee oo SR WU Tbba, Y eeig oty REHLERE, DTS
wher ei n R5éhes 'rahéqdubsuittmleduaeirilll has na duoe tt rostiarg taiw arusgl. nthede RAF-

(BAF = tetrakis trifluoro hyl )phenyl] horate} PF6 25
and BF4- %?l?lLﬁnenc han%@Ul o%a# ?“€5§6¥Géﬁé§ﬁ¥¥% a e% }ﬁf§g€?§2N— and
(CGF6)104B erdytdme{duct dscwitrbger) of tivarhetemmyomatdce whhghins not an
I on, which can act as a Lew s base. Exanples of such conpounds include
et hers, an?ﬁ%% |%I%ﬁ£§ nd organic ni- 30 triles. By "cationic Lew s
acid" is meant By catdleitiiviedly @ancectdinstindewWcx asiedklixaoprésnat- such

cati ons are sodium and silver cations. 7 WO 01/15899 PCT{L&JSOO’ 24182
g”) anions are meant those anions as are genera

;-.

ferred to in the art in this manner, and the coordinating

15 ability of such anions is known and has been discussed in
the literature, see for instance W. Beck., et al., Chem.
Rev., vol. 88 p. 1405-1421 (1988), and S. H. Stares, Chem.
Rev., vol. 93, p. 927-942 (1993), both of which are hereby
included by reference. Among such anions are those formed

20 from aluminum compounds such as those described in the imme-
diately subsequent paragraph and X~, including (R});AlX",
(R51),A1C1X", R5'Al1Cl.X", and R5'A10X™, wherein R®! is alkyl.
Other useful noncoordinating anions include BAF~ {BAF =
tetrakis|[3,5-bis(trifluoromethyl)phenyllborate}, SbFs, PFs,

25 and BF, , trifluoromethanesulfonate, p-toluenesulfonate,
(Re802) N", and (CgF¢)4B .

By "neutral Lewis'base“ is meant a compound, which is
not an ion, which can act as a Lewis base. Examples of such
compounds include ethers, amines, sulfides, and organic ni-

30 triles.

By "cationic Lewis acid" is meant a cation that can act

as a Lewis acid. Examples of such cations are sodium and

silver cations.



By a "package" is neant any container that is neant to be seal ed nost of
the tine (sonetinmes called "protective packaging”), especially before the
contents are used,- against anmbient conditions such as aiy rggoisture,
5. and/ or WBOVIW { he package' s content as by evaporation‘.cﬁﬂ kage may
be designed so that the seal against anbient conditions may be broken
pernmanent |y br@er apalkkagett isgmesant t &y i sghdainzrethatseéal mdahagtoor may
the cap. B ARISALERSE Al the, BIBRoTBIMEEHET f et aPs ShtFats o |
store a nyipikaAlird?9t, eapebeadligeHeforanthorcontditinsref ueed,t he package
mmnner  (SASBAIGWERPIB L 5PPBL RS PER SR AR B P G RRAEEFE: and prof
manner (s . p e ' and pref-
15 erably abiAlhabsdbrehenBackhgd’ 8t Byhede: ids (e dvapoeateonl eheatal yst
conponent conpri sing %g h&on orgcoba%% go&g%eﬁﬁ%f r) . gﬂ@?eéion and
cobalt corRpsage may EAERCHYSA VaRY - Vad AEAEFE, anple, the
conpl ex NMeyo g Q4R Gha}e be? BrbREA %Q?m&ﬁéﬂ@?jiﬂz?éﬁém deS bRetheenng, opi th the
preforned conpl ex bei ng added tp.odthe pol ymer’i zgﬁti%r;]%rtgégg; or _ihe

conpl ex neESedELHDNREHSR & EGALRC RAYPOPY NBRY 2R | oraxyeH. as

di scl osed | | QUslY & oLahe Q52095 Q¥ité98he QLpiN

W99/ 502735%nt§;% /61{%?4%%%%205?%0§?%§§25§1?at ed yrérgeif erle%?:e ﬁere?n for

al | pufposBee prdkadeuinay dave poet by, mond inteterand/iaxyy ovsliess thereto for
further defal rﬁgg[ I_Rg S ai al | &8 e tion

t her eof . Iérf?t#éef%rre Ig'r?’g'o&?i%gn 5,9 %%egég?glo%t co}rsropﬁagg'é:yagrag’h38§§g‘ferred

t o herei n tiye tpecKagenwixhputMEurthelieopenifd ) the pawkageonp@inedpébk- Mi s
selected fromithe [Qup. © isting of F n is 2 or 3, and each X
is i ndepen%%%t'f’a abﬁe ani or?@aﬁr erEr g P?egaé%e% %l?v?}d'ependent ly a hali de,
and nore pref- The polyethylene used herein is obtainable, and pref-

\J

15 erably obtained, by polymerizing ethylene in the presence of
a catalyst component comprising an iron or cobalt complex of
(I).
Such iron and cobalt complexes may be formed by a vari-
ety of methods, for example, the complex may be formed be-
20 fore the polymerization is performed, with the preformed
complex being added to the polymerization process, or the
complex may be formed in situ in the polymerization process,
such as disclosed in previously incorporated US5955555 and
WO99/12981, or in WO99/50273 and WO00/08034 (also incorpo-
25 rated by reference herein for all purposes as if fully set
forth), and reference may be had thereto for further details
regarding these catalyst complexes and the preparation
thereof.
In preferred embodiments, the catalyst complexes are
30 referred to herein by the formula (I)MX,, wherein (I) is the
compound (I), M is selected from the group consisting of Fe
and Co, n is 2 or 3, and each X is independently an anion.

Preferably each X is independently a halide, and more pref-



WO 01/ 15899 PCT/ US00/ 24182 erably chloride. This fornmula can be depicted
by the struc- ture (Il) below RA RR 4RR--N R/N -------- i %
(I'1) wherein Rl, R2, R3, R4, R5, R6 and R7 are as defined. 5 above, and n
is 2 or 3WOM14589%| | owi ng are preferred enbodi ments of (IBCT/AUSI24W2 and R3 .
are hydrogen; and/or R4 and RS are each independently selected fromthe

group
nmet hyl ;

hal o- substuxeit &F)aPglowand nore preferably aryl and

CO@S4ISTy Nh1Qrilaedr 0§88 s 2R riiRt BYdan B LYikrakeY

and/or R6 and R7 are each 1 ndependently sel ect ego{f-rom aryl ,

\

hal o- substi t ut ed

R5 R

fle PEESLLO erably

and

phenyl, and especially-aryl. In (1) apd (11), it is preferred that R6 is

Rlo R22 R11 15 R19 (II1l) ; and R7 i
01115899 PCT/ USOQ 24182 wherei ' R9,
R21 and R22 are each independentl
ert functional group; provi

an in-

10

15

R20 R R21 R14 R16 RL5 (1V)

hat any two of R9, R10, R11,

R® R (11)

wherein R?, R?, R?}, R*, R®, R® and R’ are as defined
above, and n is 2 or 3.

The following are preferred embodiments of (I):

R!, R? and R® are hydrogen; and/or

R* and R® are each independently selected from the group
consisting of hydrogen and methyl, and both are more pref-
erably methyl; and/or

R® and R’ are each independently selected from aryl,
and halo-substituted aryl, and more preferably aryl and
halo-substituted phenyl, and especially aryl.

In (I) and (II), it is preferred that R® is

R® R
R% rY
R™ (II1);
and R’ is
Rm
R21 R‘l4
R'® Ris (IV) ;

9 WO

RLQ/ R11, R14, R 5, R16, R19, R20,
hydfocaryl, substituted hydrocarbyl or




"5 R14, R15, R16, R19, R20, R21 and R22 vicinal to one another taken
together may forma ring. in particularly preferred enbodi nents, R9, R',

R14 and w6yt hydrogen; R19, R20, R2' and RR are inegemwsiendigy nethyl,
ethyl, propyl, isopropyl, halo or trihalonmethyl; and 10 RI0 and R 5 are
independegtlg_hydrogen, met hyl, ethyl, propyl, isopropyl, halo or

tri hal on¥PRYFI™The conpound (1) is preferably forned by contacting a

2, 6-di acetyl pg?, ditfg mi*t hr¥n aMi,ne*Sulred?| tredrBr whdcrffpawadeathder

conditions so as to formimne |inkages, as disclosed 15 in previously
i ncor por éf‘@ﬁ%ﬂ@ﬁn%yd}'i‘%@?%aég’yiln ﬁr“g\?it&EEFﬁg Pﬁ@B?‘b%‘F%PfSJed”U%‘Q%’SSS,
W99/ 1298%¢ YQHSL DERAB grshp VRIAAYEH thakdahgf ewenee wPay RBE, RiE, thereto

for furth de; tails.. .The, pol ri zatjon catal yst component nmay optionally
20 cSnpr Fge 3‘? ﬁerééon%lgmeﬁ%og %%%F%&l%l | OB§- 8aPERg% takemy '

cat al yst t\%%ggyl@}o&@y Formexanie, the catal yst conponent may contain a com
pound W ich is aneutral Lems acid capable of abstract- .ing an X from

the catal yst EBnprENi€BlaBlmDmetenyesy epbedisenka: RheRani dh ' faR%ed is a
weakly cqos djnat o?g'hgangr R GaLi QN Ghkeys B{déﬁegi%tn‘% ci d whose
akly e

q
counterion is a coor'di ndti ng ani on; and provi t hat when none of
X is al - meghylacethut, hyxepyle, issirrorydondtadonpsubuihalemgtintles @nd

2l ky el Uty el S iebepaeRoky ARaEOGLA] RNREID RN FBrBED ¢ the

conpl ex igbpkipydiachala &fitsrilmlomdEhyln is 2 or 3, and X is halide, nmay

be COMLATL S Al BioBlit| AT ST s, IRAERS |
cat al yst 2,6rdhacenplpyesdime witdf e ethineesbbktabdtéé[aty] camppirekes are
or € preL%hE%dbogggtEgLél;ocgé léi 3%n?&%d%%pﬁinkages, as disclosed
15 in previously incorporated such as disclosed in previously
incorporated US5955555, W099/12981, WO099/50273 and
WO00/08034, and reference may be had thereto for further de-
tails. |

The polymerization catalyst component may optionally

20 comprise other components such as, for example, co-catalysts
and catalyst activators.

For example, the catalyst component may contain a com-
pound W, which is a neutral Lewis acid capable of abstract-
ing an X from the catalyst complex to form WX", provided

25 that the anion formed is a weakly coordinating anion, or a
cationic Lewis or Bronsted acid whose counterion is a weakly
coordinating anion; and provided that when none of X is al-
kyl, acyl or hydride, said second compound is capable of
transferring hydride or alkyl to M.

30 Preferred compounds W include alkylaluminum compounds
and/or other neutral Lewis bases. For example, the complex
(I)MX, wherein M is Co or Fe, n is 2 or 3, and X is halide,

may be contacted with an alkylaluminum compound such as

10



cially preferred. A particularly preferred conplex is 5

[ 2, 6-di acetyl pyridinebis{(2,4,6-trinethyl)phenylimne}]Jiron dichloride,
especially in conbination with nmethylalum nox- ane. Additi-onal details my
agai n be fWOWM1389 previ ously in- corporated US5955555 andPGRIGYWNZ4EE

W99/ 50273 and 10 W00/ 08034. The polynerization to formthe HDPE used in

the presenjetHyléQuiinbxEBy 86 €ofhi £thiyHly I&dﬂi@e@@&l?ﬁéﬁfzaﬁon n the
| i qui d phase espeC|aIIy in slurr I n one Freferred hod tal yst

system eSSty t REORr GAMBLEXEH ATE erredysFedl ﬂp‘i%‘?t%"dfgﬁa sol i d

(het er ogenegisilexsdPBee!t moSHCBraferséd) Ghd dHlNINacoRplehes £6d YaEPe- O a
metal halide.. The polynerization may also be carried out in, batch,

sem - batckFlaléanFﬁ§§E§edor BorRFRIFUR Y PRsEerzefoRe™PheX el es. Con-

tinuoug pot;yraardﬁ%te#c%@y%&alﬁésie{ (£, 2% AdsRicHy13pHeRyEiRIAEH SHst ens and
condi tions for carry- Ing out _the ethy ene polynerization are described in,

for exanpin@hlmrévlﬁougsyepheéwomtmyn@o%rwb@{umwgw 46302,

W99/ 46303,,, 099/ 46304, W99/ 46308, W99/ 62963, W00/ 15646, W00/ 24788 and

W00/ 32641, Snd reference may be 25 had thereto for further details. The

package may beAﬁdnwsanbi dnyasbavmﬁy|agﬁmnrhﬁiﬁgyndfen poevionpbadkuges from

Lher oDl asid S5 dEds bEdu=688" abdl SSS 1AL ABYHess agal a0l o cartons,

st or age t anks es- pecla or water, m cal s and sol vents,
cosnetioc 3m0q&ﬂaso3barrels, and druns, the contalner may be bl ow nol ded or

r ot onol ded rusion .ol di r . ho

cont ai ner suchIZ’ gggxg'ﬁrg&%%g?ug{’n%%}@htﬁ@gﬁa%ggr fgegyﬁgé%él%?mor may
cont ai n t inventione magybescaariéd out | inVBI] /gRE8phaBET| OE0DH 282 | east
one of MhICh IS t%asEDggpggigiieegnhs &%f& -T@% AR Breferred method

the catalyst system, especially the iron or cobalt complex,

15 is supported on a solid (heterogeneous) support, such as
gilica, alumina, another polymer, or a metal halide. The
polymerization may also be carried out in batch, semi-batch,
continuous, or continuous polymerizations in series. Con-
tinuous polymerizations are preferred.

20 Useful and preferred systems and conditions for carry-
ing out the ethylene polymerization are described in, for
example, previously incorporated US5955555, W099/12981,
WO99/46302, WO99/46303, W099/46304, WO99/46308, W099/62963,
W000/15646, WO00/24788 and W000/32641, and reference may be

25 had thereto for further details.

The package may be formed by any conventional method
for forming packages from thermoplastics. For rigid con-
tainers such as bottles, sealable cartons, storage tanks es-
pecially for water, chemicals, fuels and solvents, cosmetic

30 jars, barrels, and drums, the container may be blow molded
or rotomolded. In extrusion blow molding for example the
body of the container such as a bottle may just be the HDPE

described herein, or may contain two or more layers, at

11
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"a screw--cap or snap-cap bottle be made of the HDPE, as by injection
nol di ng, or thernmoform ng, or nay be made of an- other material, such as

anot her astic, a thernoset 5 ting resin, netal, ﬁ?’]ﬁu
-approprié?é."ﬂ% hal ves (or other fractional parts) of ‘the %ogétﬁaslzner may
be thermofornmed from a sheet of the HDPE or a multilayer sheet containing
at | easleane ¢rg@f othitdie ijsDbhe HRBEt fespribed|kevein by ThE @aPgofor by an
adhesi ve_o I A ool 000 e PREKAGEO ot St ihid b € RAgs, or pouches,
many of ah%gﬁg‘g?cea %at Q%e%eec&fpor sea eg V\Ilat a%%e_sllgve af t'er géll ng filled
wi t h whatsyertiveymakding contdiesrmothrmingnyor hoaysle Mademdfi |ams or tubes

of the M BRFer Ghatlitidd AUSLoH s nglhelUDASLHOR 1 SORL 214 e 0N | ayer

of the H ube for exanpl'e na sealed at one end, filled
withs |igind vesiw) inktalnd etimon lkeappraprdabe. se@vedhalvds adire- sive at

the other_ end. ;A f.il fyol nc h I | des,
filled, gﬁgefhgﬁa%%%@a{;%é?a%&sat Ot(%ﬁg'h ot ﬁtel?’"agﬁ%f %ggaﬁge%%&%%g used for
sone of &kbmoa shee bfddis HIRRIOIea nma)thiafernshedy comidiarimetitods,
except hey tend fo be re rigid because of the,thickness af..the

mat eri al &FF%FH T c a’f?f’"efrgrtg’errﬁ’g)g an&f‘ér g?‘ﬁ'e??ré%n? 'i”glﬁ?cgﬂ’lf iw(ﬁa‘.d"ﬁge

f1 exi bl ecpabifagh sadies ke ©hdARAl ed by inter- |ocking seals that may be
opened and reseal ed, sonetipes 25 called zip |.jp seals. Al of the above
CypeB of packMEELheh APTN RS RrReise LHatkByible RgoR R At nods
known i e 8t whoéh Nedé NbatP A Grf BeALEACHWIER! AghéSBve SFELOr exanpl e

H Mark, et al.,_ Ed., Encyclopedia_of Polymer Science and Engi neering, 30
Vol . 10, bSdRE W?—%?d&"%}b‘hs‘",’hwe?ome}fl%?, tp. ceBiaibo, TRRFLMEYs her eby

i ncl udedpay mh @& CE£HACE i Tifs B buddPBrC eREADBPRY BACKADE Maav i fXq rigTPr Oved
b noms babee’ hat contain Al least one layer of the HbEE. & |0 Ol 19899
15 tube for example may be heat sealed at one end, filled with
liquid or solid, and then heat sealed or sealed with adhe-
sive at the other end. A film may be folded once, heat
sealed along the sides, filled, and then heat sealed at the
other end, or adhesive may be used for some of all of the
20 seals. Pouches may be formed by similar methods, except
they tend to be more rigid, because of the thickness of the
material from which they are made and/or their configura-
tion. The flexible packages may also be sealed by inter-
locking seals that may be opened and resealed, sometimes
25 called zip lip seals.

All of the above types of packages, and other types of
packages, may be made by methods known in the art for making
packaging from thermoplastics, see for example H. Maxk, et
al., Ed., Encyclopedia of Polymer Science and Engineering,

30 Vol. 10, John Wiley & Sons, New York, 1987, p. 684-720,

which is hereby included by reference.
As such, HDPE-containing packaging having improved

(lower) water vapor and/or oxygen transmission rates can be

12



prepared by replacing, during the manufacture of the pack- age, at |east a
portion of the HDPE with a second HDPE ob- tainable (and preferably

obt ai ned) as set forth above. Repl acenent can be acconplished b

substituti WQWHI5 second HDPE at the time of manuf actur%c'ﬂps‘{“éé‘%ackage
The second HDPE can sinply be used in place of conventional HDPE, or can
be bl endeobwﬂiremmye&hmﬂahngw&ﬁﬂngrmé ridufaegh@ecod ﬁﬁétb@ﬂcﬂf the
same. For nultilayer acka descr.i bed agbove, one nore of the

| ayers carf¥ ﬁ]’te;y}fraé’}(’)} 9 ‘T’\fo'h]i‘? HPRE Wk ADBECOB EDBF:e?f'EI‘ of the
second HDREidBle q%ue@&eeaahbtPPEbt&ﬂeéu)statastsbttutfeéthoabavéayer of con-
venti onal HDPE. The bl end can be a standard%ighym cal blend, nelt blend, or

even a react or BRRIAFTESSaFER BS R6FTREIshad) bat BitbeRatPRingstRE® presence

of thes cat@éa/&ldm @é cabetifd 69 ARAYEclNBWchE BasREgAd afhd ve HDPE
catal yst (co- catﬂ_n_}/ such as a Ziegler-Natta and/ or netall ocene-type
catal yst keRRNG FDRE,Sapy £imply, b?ovs@aarfpm;acsreﬁ gasventientbor at ed
Y099/ 1298 g0 AC302 e VEITHABEF: t HORHUATAA 2 WORBEAO3B0r 2D YOO/ 15646,
WD00/ 24788, W00/ 32641, as wel [ as WD98/ 38228 and W99/ 50318 (which are
al so |ncor1£ﬁnlaﬁc@d abpqréiﬂ@neﬁéethﬁeﬁ!@hﬁ fcﬁommulpaipwgﬁspaskammlagx set

was measur S SECRRl AT - 2120 95 N e eneah TraRep et o

t est eno ( Moswhely rforom MhnneQCOpdl HE?ENP@ISMZ&GUGSOA yhet seeo:ndnmm/o relative

cate. The Tt EbrvRAGIBKICHoED c At Jeupttitiely sBETLEvEH el o
Met hod f orvedyigere IGHDPEL ansm ssion Rate 30 through plastic fil m and
Pheet 09, 0 b IEH 8BSy BRRH i 55" B9B00Y mBFE B0 101
kPa (760 ourHdglen Gamrghesowebiendnprépamsil Hyopold yhepizbngt ethesénengin 13
15 the presence of the catalyst complex referred to above,
along with a second active HDPE catalyst (co-catalyst) such
as a Ziegler-Natta and/or metallocene-type catalyst known in
the art. See, for example, previously incorporated
W099/12981, W099/46302, W099/46303, W099/46304, W0S9/46308,
20 WO00/15646, WO00/24788, WO00/32641, as well as W098/38228
and W099/50318 (which are also incorporated by reference
herein for all purposes as if fully set forth).
In the Examples the following tests were used:
Oxygen transmission was measured using an Oxtran® 2/20
25 Model T, high transmission rate tester (Mocon, Inc., Minnea-
polis, MN 55428 U.S.A.) at 23°C and 0% relative humidity us-
ing 100% oxygen (not air). Sample films were run in Qupli-
cate. The theory of the test is outlined in ASTM D3985-81
"Standard test Method for Oxygen Gas Transmission Rate
30 through plastic f£ilm and sheeting using coulometric sensor".
Results are reported per 25 pm thickness (1 mil). Values
were corrected to a barometric pressure of 101 kPa (760

mmHg) . Samples were conditioned for 2 h prior to testing.

13



wo 01/15899 PCT/US00124182 Test area was 100 cnR. Examine tine was 60 m n.
Nitrogen gas flow was 20.1 snLm Mbi sture Vapor Transm ssion was neasured
using a R ran(r) W3/31, water vapor transm ssion gygbsgrsfscon,
‘Inc.) SVS?H%[gg%nd 90-100% RH. Sanple filnms were run in duplicate. The
theory of the test is outlined in ASTM D1249-90 "Stan- dard Test Method for
Wat er VaBBrt TRESR ¥ag| BIP tFRbudiragias. time WernPAn®iBheNiFiPI™ ng a

nmodul at egaknEi sk ePasePSOf "smudiesul ts are reported per 25 m (1 ml)

thi cknesS. Sanple 10 test area was 50 cn2. Relative Humdity was

essential |y NobstumpnjrronRransmiissioneyas Reperseed Veiiy @) . P¥Marine tinme
was 30 m.n._ZTe t e e .8C _Unless W te o{ yner
densitynkﬁgnéggéa/ggPo%%E§%H%¥§srggéékﬁ%} é%%bri%ﬁ% é§§§$%r6%5 8%

Procedur atC38%8 ahdghotyoodRH) eshmple idmsaivewer aahhih edvepiozetesl al um num
foil was used as the_parting sheets, .and the up. i S, 1.5 mn at
180G, "wnE . EPERFRASE hEhe R g T ASEMaBapaS TRt Sana ch of

mat eri al dagd @edf MethédédSfoR)waters avagdr TelanemickibhPechivadh aflaesfrom E. | .
DuPont de Nempurs & 20 Co., WIm ngton, DE 19898) between the two sheets of
foil and#ifl détMgapt BRPEETY YRATEEHh Mt IGtess 1pEZRERS. S9PRPTen- sity
measur e e ; SEM Smi8Ngiti ¥ extg bl own fil ns
hoa Meae RAEIES tgﬁg géﬁ%gge&;%ﬁs uﬁg(q t“ﬁe% n%thft%oziﬂ%?sASTM 1505. 25

Mel t ing peistt azed Wweat S0fchisi RelaEtips Hueidlivys wasaessemethbly di fferenti al
scanni ng ori r ysing val ues f 2nd an ' a heating
rate of J'.Lg)@gm ngg# éep‘é%ﬁ g%?&f%leonrﬁe gnﬁg%gggg%hgrg%%\%\ﬁ 'tg%%%{“{a}gethe

mel ting pdmet wag23anoihl o, Tedt ctemperamine iwadi 3gs 8ar.di fferent shear 30
stresses, wer asur by. ASTM net hod D123 In.the Exanples, .all
pressures ar egﬂg‘éag ngggﬁﬁgnotﬁé R YEESIERE A 8sh, %%%lr‘r%‘?/e?rége

nol ecul arsawpilgbt preplred aetghdimy araPSTDIDAGRISr Precgltreb®t h det er m ned
by

15 slightly modified. Polytetrafluoroethylene coated aluminum
foil was used as the parting sheets, and the heatup time was
1.5 min at 180°C, while eliminating the backup sheets and

placing the sandwich of material and a 10 mil (250 um) chase

of Teflon® FEP (available from E. I. DuPont de Nemours &

20 Co., Wilmington, DE 198298) between the two sheets of foil
and placing it directly between the press platens. The den-
sity measurement was done following ASTM D1505. Density of
extruded blown films was measured on the as made films using
the method of ASTM D1505.

25 Melting point and heat of fusion of polymers was meas-
ured by differential scanning calorimetry, using values from
the 2nd heat, and using a heating rate of 10°C/min. The peak
of the melting endotherm was taken as the melting point.

I, and I,,, which are melt indices at different shear

30 stresses, were measured by ASTM method D1238.

In the Examples, all pressures are gauge pressures.
In the Examples Mn is number average molecular weight,

Mw is weight average molecular weight, both determined by

14



14 W 01/15899 PCT/ US00J24182 GCel Perneation Chromat ography, PDis Mw M,
Tmis nelting point, and AHf is heat of fusion. Exanple 1 %6 1-0 Cl
(rrry 5 (Ibk) can be nmade, for exanple, by procedures described in
previ ous| yWOILEIId at ed US5955555 and W99/ 12981. | nsi de PEIVIU2H§.n pur ged
drybox, (I111) (28.0 ng, purified by re- crystallization from
CH2C12/ perdean Pertat RbACECHr bifia BodyAoYs P dlsusmgMa; 10mni s . melt IMAO- 12 (1. 2
g, Akzo-Nobel, 12.25 wt % 10 nodified (contains some isobutyl groups) MAO in
tol uene) mintgd@ad. Afhclg dgat iafg feamBe sol ution was shaken for 1 min
and then dehydrated silica (1.9 g, -Dgvi son 948 spheri-- cal silica)
was added and the m xture shaken féééiﬁﬁseihe orange solid was filtered
fromthe clear solution, washed 15 welfl w th anhydrous toluene and finally
wi t h anhydrous pen- tane . and dri er vacuum I nductively Coupled Plasm
analysis indicated: Al = 6.7% Fg 12% In a dry box, small stainless
cylinders (25 to 40 nmL volune) yed dE:zrged with supported (I11) (150 ng

r solution-of triisobutyl alu- mnum

total 20 wei ght including suppfr _"ggak
X, Athdich). The cyl- inders were connected

(5 m of a1 Msolution in hexw
to the autoclave reactor ports undd I'trogen purge of the connections.
{ so connected under purge. 25

Cylinder pressurization |ines weregs
) was transferred into a cooled

| sobut ane (1200 g, Matheson C P. gAg
aut ocl ave (-30C) by pressure differefce. Onc e transfer was conpl et ed,

t he autoclave [Autoclave 15 111 WD 01115899 / US00/ 24182
5 (III) can be made, for example, by procedures described

in previously inéorporated US5955555 and W099/12981. 1Inside
a nitrogen purgéd drybox, (III) (28.0 mg, purified by re-
crystallization from CH,Cl,/pentane) was placed in anhydrous
toluene (~10 ml) and MMAO-12 (1.2 g, Akzo-Nobel, 12.25 wt%

10 modified (contains some isobutyl groups) MAO in toluene) was
added. The resuiting orange solution was shaken for 1 min
and then dehydrated silica (1.9 g, Grace-Davison 948 spheri-
cal silica) was added and the mixture shaken for 1 h. The
orange solid was filtered from the clear solution, washed

15 well with anhydrous toluene and finally with anhydrous pen-
tane and dried under vacuum. Inductively Coupled Plasma
analysis indicated: Al = 6.7%, Fe = 0.12%.

In a dry box, small stainless cylinders (25 to 40 mL

volume) were charged with supported (II) (150 mg total

20 weight including support) and a solution of triisobutyl alu-
minum (5 mL of a 1 M solution in hexane, Aldrich). The cyl-
inders were connected to the autoclave reactor ports under
nitrogen purge of the connections. Cylinder pressurization
lines were also connected under purge.

25 Isobutane (1200 g, Matheson C.P. grade) was transferred
into a cooled autoclave (-30°C) by pressure difference.

Once the transfer was completed, the autoclave [Autoclave

15



"Engineers, 1-gal (3.8 L)] was heated to 20C and stirred at 1000 rpm The
sol vent was saturated with hydrogen to the designated H2 pressure. After

saturati @E& reactor was heated to 80C and pressuri é‘iﬁnﬂoﬁ 183 hyl ene to
"1.72 I\/Pa.whs0 egtri I sobutyl. al um num sol uti on was pushed 1Tnto the reac- tor

with ethylene followed by the catal yst also pushed with ethylene. The
final rcEnginegressurgalng.B 41 1vPasahgatad tet2QTemnd atdrres @k t ched

from t hey § G5 ess o (ARSI SfOGLabBal DERUASIGNS: cHhereeaction vas

run for nore an 2 10 or unti e wei ght e et hyl ene cylinder
was equdesignappd d paessypre00Aften: saturatidrof thee rgalcyesr Wag- tion, the
- reactor : .per | I nitrogen
pur ge prﬁ%%tg&(;n%%gsn?lngvgﬁd %%%%gé?etéog}eﬁhgeg%ﬁ%ré%%dﬁb%‘ag% ‘overni ght .
Two ol yiee sabpdéabuthifl wlumignepscdataondvasepesited yihtoydrhepmessur es, and

their as, made_properiies Ar | V. W, Pr essu 1 110/ 12 Mn
Mv PD Deﬁ9r1’ﬁ%9§$nea%¥% e sﬂ]&"@eji/e &wgyaci%hﬁgg.%%gﬂ}%g’%so 128267
12.4 0. 96¥hylede 9 2me £irfd0 reatdo?? ptedBudbifad 1DMDMBA .&id theExanpl es
3-4 and Co rati ve anpl es, A-B The powder _pol.yners fram Examl. 1 and 2
Ser o oacHeRB IR e R e a5 o hRe FRRR RERTe 1S TP ST ER oo o
Ihr gﬁf gs(pbr&Ganiﬂhé %M&d.mgmgby:e?c]l?aoﬁehgs_ fiirﬂipfcg] mq%@]tﬁ‘lmﬂl_tz?a 7820

| ensi t (0] 1 ene, S .0 tal,ne ro ul st ar [ m cal S, P,
ooeor BredBoedE e A1k aHe iy Lo b E T he T AT JRSy | one has

obt ai nedefhi8IN t3Sapio¥ex fheia52ls00Cy.P. aAtCahgaeda 4B, tkassiRmiedR £6), and

I's believed to have been made in so]ution using a Ziegler- Natta-type

cat al yst t1PRopEPei E22GFOF HaH SRR SIoWd YaFBXSHEM2 be I B WPeHiotk- bie 1. 16

followed by a nitrogen purge prior to opening of the reac-
tor. The polymer was dried overnight. Two polymer samples
15 were prepared at different hydrogen pressures, and their as

made properties are given below:

Ex.|H; Pressure| I, I,0 IIO/ I, Mn Mw PD Den- Tm AHf
(kPa) - sity °C |g/g
g/ulb
1 640 1.00|15.5[15.5}110330] 128267 {12.4(0.9641)|134.9| 242
2 690 1.53122.8] 15 9545 | 109403 |11.5

Examples 3-4 and Comparative Examples A-B

The powder polymers from Examples 1 and 2 were each
20 powder blended with 500 ppm of Irganox® 1076 and 500 ppm of
Irgafos® 168 antioxidants (made by Ciba-Geigy Corp.).
Alathon® 7820 high density polyethylene was obtained
from Equistar Chemicals, L.P., Houston, TX 77252 U.S.A.).
Sclair® 19C high density polyethylene was obtained from
25 Nova Chemicals Corp. (Calgary, AB, Canada T2P 5C6), and is
believed to have been made in solution using a Ziegler-
Natta-type catalyst.
Properties of the polymers used are shown below in Ta-
ble 1.
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WD 01115899 PCTI USOQ 24182 Table 1 Polyner Density, 12 13.0 110/12 9/ M
Ex. 1 0.99 14.59 14.7 Ex. 2 1.88 24.89 13.2 Alathon(r) 7820 0.9563 0. 44

8.03 18.4 Sclair(r) 19C 0.9523 0.97 8.85 9.13 Each polyngr was_blown into

nominal |y WOOMISI i |) thick film[actual thicknesses 4FG/EHW

(1.75-2.00 ml)] 5 using a 2.54 cm (1") dianeter Killion blown filmdie fed
froma 1.9 cm (3/4") dianmeter Killioragd® b L/D extruder fit- ted with a 3/1
conpression ratio general purpose screw, 0.46 cm (0.18") deep at the feed

end, and included [MXT pg1eat. THeshAAEaP| Was D. I, cpILPIPPS"). The rear

zone of the ex 10{truder was at 172-1$AE Al other bajrel ahd die tenpera-
tures were 220-24(¢0C—The extruder screw spged was 100 rpm | For the film

die, blow up ratig-was—gx5 1, andjraut_of I [FPeEfi IS Pda. g3p cmmn (10-11
fll:)./mtn)h. '{gedfros-t—krrrma Kept—at—about {25 g 24 86 F8.2. P- 2 5 i nches)
above the i e, Hoy—editst-fent—of—tire—donwei F—P t1es of th
made filnms are gi\ p&ht’r‘%men)zo ! %5#3\';:’( bD?\"E,,:?:EEBE :iﬁch.[_ ml g H28- 2
Density C2/100i n2/|daScksiy® 00192/ day® - 38l 1 4% %) B8P ((Fndt he' s/ 25m A
Al athon(r) 7820 0.949 168.2, 167.5 0.27, 0.27 (1346, 1340) (2.7, 2.7) B
Sclai (1) 19C Gsa47 pblfmér 84 B10waSinkh Horlihbdly $O7RN (2 @11Q.8) 3 Ex.
1 0.955 142.4, 143.1 0.22, 0.22 (1139, 1145) (2.2, 2.2) 4 Ex. 2 0.956
142.5, 1l6ckidk i 1n0.[2@tualltbickBayses Hi.5-59).8 pm (1.75-2.00 mil)]

5 using a 2.54 cm (1”) diameter Killion blown film die fed

from a 1.9 cm (3/47) diameter Killion 30/1 L/D extruder fit-

ted with a 3/1 compression ratio general purpose screw, 0.46
cm (0.18”) deep at the feed end, and included mixing heat.
The die gap was 0.11 cm (0.045”). The rear zone of the ex-

10 truder was at 172-184°C. All other barrel and die tempera-
tures were 220-240°C. The extruder screw speed was 100 rpm.
For the film die, blow-up ratio was 3.5:1, and haul off
speed was 305-335 cm/min (10-11 ft./min). The frost line
was kept at about 12.7-14.0 cm (5.0-5.5 inches) above the

15 die, by adjustment of the blower speed. Properties of the

as made films are given in Table 2.

Table 2
Ex. Polymer Film mL-mil g Ha0-
Density| ©,/100in?/day | mil/100in?/day
(nmol/m? s/25um) | (pmol/m? s/25um)
A |Alathon® 7820} 0.949 168.2, 167.5 0.27, 0.27
(1346, 1340) (2.7, 2.7)
B | Sclair® 19C | 0.947 | 178.3, 184.9 0.29, 0.28
(1426, 1479) (2.9, 2.8)
3 Ex. 1 0.955 142.4, 143.1 0.22, 0.22
(1139, 1145) (2.2, 2.2)
4 Ex. 2 0.956 142.5, 116.8 0.19, 0.20
(1140, 934) (.9, 2.0)
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17 1111: WD 01/15899 PCT/ USOQ 24182 CLAIMS What is claimed is: 1. A
package made froma nultilayer sheet or filmcon- taining at |east one

| ayer of ' ensity polyethylene, 5 characterized inp cl‘ﬁééo&i’isi hi gh
‘density po @e’%%ﬁjene i s ob-. tainabl e by polynerizing eth ne i1n the

presence of a po- |ynerization catalyst conponent which conprises an iron
or cobalt conplex of a conpound ofS¥MS ormula (1) s RL NIIII tllllc liii
1111111 a N gha 515Tc:(a1fméd , wherein: R2, R2, .R3, R4 and R5 are each

i ndependent |y sel ect ed romt he group consi sti ng of hydrogen, a

hydrocar byl , an iA-pPaskagerreade fyorgeomylapdagesuphest L@J@oﬁmmm byl ; and

R6 d t legt r sisting of
ary?nangzg%%grtl§t ul?ed ary 5}9%&4?@15%58 aggg{asgfmél%??}égé wcﬁ@&%q'

char &ct echardctearizeédt 11$atmhq3aaqaigéngb dehbékybpelpatiknlane 2tk db-The

Kk ter d age is a

g d pachinebly B Ro bl dund WAL 189chE, pheBladl SERERETD (D 7,
sai d conpymerisafPoh- daiaa:hgg'd p;dmpehrrwlm shizh4cbm@bises an iron or
trinmethyl)ph I di chl Th Sheet B Repl d

rinme yﬁgﬁgy |m (l?#on | chl ord de.  This Sheet I(-?)s een Repl ace

11111111 SRl FE| oF 1§ conpounid S L
Nt ) A
R% \ /N
Rﬁ-—_M\¥ (1)

10 wherein:

R}, R?, R?® R*! and R® are each independently selected
from the group consisting of hydrogen, a hydrocarbyl, an in-
ert functional group and a substituted hydrocarbyl; and

R® and R’ are each independently selected from the group

15 consisting of aryl and substituted aryl.

2. The package as recited in claim 1, characterized in

that said package is a flexible package.

20 3. The package as recited in claim 1, characterized in

that said package is a rigid package.

4. The package as recited in claim 1, characterized in
that said complex is [2,6-diacetylpyridinebis{(2,4,6-
25  trimethyl)phenylimine}liron dichloride.

This Sheet Has Been Rep
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18 WO 01/ 15899 PCT/ U800/ 24182 5. The package as.recited in any one of
clainms 1-4, characterized in that said high density polyethylene I s ob-

tai ned by zing ethylene in the presence of said pgz ation
cat al yst c%poﬁgé# 5 6. Arigid storage tank conprising a @Wée%a ty
poly- ethylene, characterized in that said high density polyethyl ene is
obt ai nabl e by pol yiner iPACkgoet ryl sreitedtie gnesmecet Gﬂ-aamgol-y‘#mrl zation
catal yst copponan v!ya:fl C%Qrtl 883a2RidR ada bhygopp! gx &2
conmpound of the foﬁlrrul a t R% 1%1 111111 1 ?’@1 y11111111111111 S

R2 /N ~. Negingd Ry (nqlwmelzeng emylme B thy pm@eRseapé sath po-

| ndepende fre h onsi sting of hydrogen, a
hydrocarbn$§a%§¥%|1 Eﬁgcﬁﬁt %C?lgEB#Qggoup and a substituted hydrocarbyl;
and R65and R7 are each independently selected fromthe group consisting of
aryl and substitute e I ta S jLecl ly1,claim 6,
char- 20 acterléze (11 lhatStz’ra§gc5%r{6 Oﬁéxol[%'q% @1 gﬁ deggﬁ;dpa,f

di acet yl pyatitreais ,s{dl&xﬁp&ernzeﬂt byl &mrgdldnm@h] ideasidy- pchjrath;db 8. The
rigid storage tan haracterized in

hat sai d WA ey aBor, BV POy PBRECPEd neRaBAR, T8, B O PIRE ot iyt ene

in the presEnteolymerization catalyst component which comprises an

10 iron or cobalt complex of a compound of the formula (I)

wherein:
R', R?, R®, R! and R® are each independently selected
from the group consisting of hydrogen, a hydrocarbyl, an in-
15 ert functional group and a substituted hydrocarbyl; and
R® and R’ are each independently selected from the group

consisting of aryl and substituted aryl.

7. The rigid storage tank as recited in claim 6, char-
20 acterized in that said complex is [2,6-
diacetylpyridinebis{ (2,4,6-trimethyl)phenylimine}liron di-

chloride.

8. The rigid storage tank as recited in any one of
25 claims 6-7, characterized in that said high density polyeth-
vlene is obtained by polymerizing ethylene in the presence

of said polymerization catalyst component.

19
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of said polynerization catal yst conponent. 19 This Sheet Has Been Repl aced
11 W01/15899 PCTI USO0/ 24182 9. A process for nmaking a package,
conpr|3|ng %F § eps of : (a) polynerizing ethylene in t ,g@ﬁﬁﬁ e of a
‘polym erization catal yst conponent to forma high density poly 5
ylene, (b) formng a nmultilayer sheet or filmwherein at |east one of the
| ayers conpri8esAserecesyfaremaking el peckppenecomprtsing fhe AuPssai d
package fgomsaid nultilayer sheet or 10 film characterized in that said
pol ynmeri zation catal yst com ponent conprises an iron or cobalt conplex of
a conpound of (al heolyrexizimR ethyleRe Hpl thel presence | of (2 palym+ 11| N * ¢

:_n(I\j/IeFS)endent Fy{:lé%{e %_55({1’;7 %erigglrt\(l)wl}%r %(Ic))%gll gt?hgﬂo?&ﬁ ﬁmﬁﬁd?ggafggr

an |rﬁertyliauac,t|onal group or substituted hydrocarbyl; and R6 and R7 are

aryl or substijut The e re
characterized (H: Egﬁgi{géal d““gla%qa e ] SS% %I é)%l g?e p‘g}éé]g%%aﬁ %Iane process
as recitedei nfcthenl8yexdharanreirdezecaid high density polyethylene,

and

(c} forming said package from said multilayer sheet or

10 film,
characterized in that said polymerization catalyst com-
ponent comprises an iron or cobalt complex of a compound 6f

the formula

" | R
R _/
N : * [ L M S *
rZ \ /N
—N
\R7
R® . (I)

15 wherein:

R*, R?, R?, R* and R® are each independently selected
from the group consisting of hydrogen, hydrocarbyl, an inert
functional group or substituted hydrocarbyl; and

R® and R’ are aryl or substituted aryl.

20
10. The process as recited in claim 9, characterized in

that said package is a flexible package.

11. The process as recited in claim 9, characterized in

25 that said package is a rigid packaée.

This Sheet Has Been R,
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25 that said package is a rigid package. This Sheet Has Been Repl aced
/111111/1221222 1 LF B30 1E 11 20 WO 01/ 15899 PCT/ US00/ 24182 .12. The
process as recited in claim9, characterized in that said conplex is

[ 2, 6- di aceWABNFIBi nebi s{(2, 4,6 trimethyl)-phenylin ne}]iPEHU 18ride. 5
13. A process for making a rigid storage tank, conpris- ing the steps of:
(a) polynerizing eyl pRBcéSs e MEEIULArP13iR0bY eh&FAEBd+ DiL &lAl VSt
conmponent to form high densltyﬁgolyelhyl- ene, the pog¥nerization cat al yst
conponent Y¥fpEadongoRrles 18 of¢ of - Hasaty leyrirdrebisal2otadund of the
formila  Réingen§)Npninft dhind}) frdfl dicniopigeei n: R ', Ro, RS, Re and RS
are each i ndependen Fy selected fromthe group consisting of hydrogen,
hydrocarbyl, an inert 15 functional group or substituted hydrocarbyl; and
R6 ands R are ggryl a0 i e ;hoLR} | i Rty

pol ye?shyl ene | ?\ltBO ?a?ﬁéeg?%i %%?&&%gﬁg taaﬁgélgoggg?g%%g&%?%cgésg asgr ecited
in clai mEng &her sseppieBd in that said conplex is

[2,6-di acetyl pyhi) dpBePhaES 2i dg Gorriyidfit N knRNpRYLEALOCSE 14 Pordeh! or i de.
erization catalyst'component to form high density polyethyl-
ene, the polymerization catalyst component comprising an

10 iron or cobalt complex of a compound of the formula

wherein:
R!, R?, R?, R?! and R® are each independently selected
from the group consisting of hydrogen, hydrocarbyl, an inert
15 functional group or substituted hydrocarbyl; and
R® and R’ are aryl or substituted aryl;
(b) forming said high density polyethylene into said

rigid storage tank.

20 14. The process as recited in claim 13, characterized
in that said complex is [2,6-diacetylpyridinebis{(2,4,6-

trimethyl) -phenylimine}]iron dichloride.

15. A process for lowering the water vapor and/or oxy-
25 gen transmission rates of an HPDE-containing package manu-
factured at least in part with a first HDPE, comprising the

step of replacing, during the manufacture of said package,

21



15. A process for lowering the water vapor and/or oxy- 25 gen transm ssion

rates of an HPDE-contai ni ng package manu- factured at least in part with a

first HDR Iy rising the step of replacing, during tné?ﬂgaﬁksﬁﬁure of

said pack‘ggg 1 111" WO 01/15899 PCT/USONZ4182 at |ea portion of the

first HDPE with a second HDPE ob- tainable by polynerizing ethylene in the

presenceaofléagn)aIgauuﬂqnﬂdﬁomheaﬁakystHDBEpmﬁéhtavwéaﬂndxﬂnmﬂ s an iron
cobal t

d he f
P T Dr TR By Yot Ryl dfe] P %e S‘S’Eél‘??nﬁﬂﬁamﬁer ein R,
R2, R3, Rﬁm@ﬁﬂzaﬁ&m eaadlystndempodent | yhseheccbrmtrlsiesmrari hscogr oup

conS|st|n dr agen hydrocar yl ctional group and a
substi tquIaaL ﬁ%@%@qua%d:%% ARG % a?%r@éi% dependent ly sel ected
fromthe group consisting of arylg¥and supstituted aryl. 16. A process for
| owering the water vapor and/ of ox\ ge Rtransmi ssion rates. of. a..package

manuf actured fromone or 15 re | of a first HDPE,
step of replac ing, during the acture of said pa\(mlmw‘ln.i §N ﬂj“gpor-
tion of at |east one of the | ay f the first HDPE

rizj,g ethylene in the presence of a

second HDPE obt ai nabl e by
pol yneri zati on catal yst conpon i ch 20 conprises an iron or cobalt
a (1)

conpl ex of a conpound of the

5 R R, (1)
wherein:

R}, R?% R?®, R' and R’ are each independently selected
from the group consisting of hydrogen, a hydrocarbyl, an in-
ert functional group and a substituted hydrocarbyl; and

10 R® and R’ are each independently selected from the group

consisting of aryl and substituted aryl.

16. A process for lowering the water vapor and/or oxy-
gen transmission rates of a package manufactured from one or
15 more layers of a first HDPE, comprising the step of replac-
ing, during the manufacture of said package, at least a por-
tion of at least one of the layers of the first HDPE with a
layer of a second HDPE obtainable by polymerizing ethylene
in the presence of a polymerization catalyst component which
20 comprises an iron or cobalt complex of a compound of the

formula (I)
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This Sheet Has Been Replaced I1ITETEILELETEIEEL 11 IIII 22 W 01/ 15899
PGI/ US00/ 24182 R4 R6 R NRV\Y INI Il L NRS R7 (I ): wherein: Rl, R2,

R3, R4 and R5 are each independently sel ected fron1the foup consisting of
hydr ogen, VWORYMS¥arbyl, an in- 5 ert functional group a% 4182 ¢ ut ed
hydrocar byl ; and R6 and -R7 are each independently selected fromthe group
consi sting of aryl and substitutedgaryl. 17. The process as recited in any
one of clainms 15-16, 10 charagterixed i) that said conplex is (2,6-

di acetyl pyridinebis{(2,4,6-tri nylimne)] iron di- chloride. 18.
The process as recited in any oge of clains 15-16, 15 characterized in
that said second HDPE is obtain polym erizing ethylene in the
presence of said polyneri za&t cat ghyst conponent. Hmmmm m,“",
recited in claim17, characteriXed #20 in that said seco ed
by polynerizing ethyl- ene in the pkesence of said polynerlzétjbn ‘cat®al yst
conpo- nent. -.......... - Thig She s Been Repl aced
[TTIID~ITIDHTTT~IT~ 23 N

{5 R? (1)
wherein:
R}, R?, R?®, R* and R® are each independently selected
from the group consisting of hydrogen, a hydrocarbyl, an in-
5 ert functional group and a substituted hydrocarbyl; and
R® and R’ are each independently selected from the group

consisting of aryl and substituted aryl.

17. The process as recited in any one of claims 15-16,
10 characterized in that said complex is [2,6-
diacetylpyridinebis{ (2,4, 6-trimethyl)phenylimine}]iron di-

chloride.

18. The process as recited in any one of claims 15-16,
15 characterized in that said second HDPE is obtained by polym-
erizing ethylene in the presence of said polymerization

catalyst component.

19. The process as recited in claim 17, characterized
20 in that said second HDPE is obtained by polymerizing ethyl-
ene in the presence of said polymerization catalyst compo-

nent.
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