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FIELD OF THE I NVENTI ON 5 Hi gh density pol yethyl ene (HDPE) nmde using
certain late transition netal containing catalysts, has Iovver wat er vapor
and/ or oxygen. transm ssion rates than simlar HDPEsS nade %W@Wo%

pol ynmeri zat iwoopesssl ysts, thereby making them superior i npgs,esgommh as
packagi ng, where |ower water 10 vapor and/or oxygen perneation rates are
advant ageous. TECHNI CAL BACKGROUND Hi gh_density pol yet hylene (HDPE) is an

i nportant com nmercial product, | argegﬁ}a%i ti es being produced worl dw de.
i5 HDPE is typically recogn petistendrosyrtafimnes: fracknlaenpur poses of the
present invention) as a substantially linear, sem-crystalline, polyner of
et hyl ene (preferably a honpo- polyner but- al so on occasi on containing very
m nor anounts of other well - krowwh commaeTensENTPOSSESSi ng a density of 20
0.94 g/ or hi gh An i nport of HDPE 1s in packagi ng, which may be
di vi ded T nto two Qghe?l%ﬂ‘s% &y Y%F‘éﬁﬂnﬁa&% hdradfc rsidg FSEERER and

tanks, and fllaexi BranpackagintQuehbndsibags ki RAUChRS 1The-f Qhper may be
f or med by suchofr_retah 95 as blow 25 or .injection nolding, and the |latter are
r Pr‘g

usual |y for ¥E& PT | WY ITIV i HFG SR S8t CRroF - § AR Sd-tmlllé‘ﬁsf{%ﬁé of which

is HDPE. HpBEel 8sandayenad RAGKReH: Bt 1BH CF 01 s MhedQdHak$ngbecause
of low cost, .relatively easy formability and good 30 toughness, and for

sone product8eRaFPRETLSH Perifiest i GHCPafBsPRFFATEId o WheRe doWaFsvaFeher

del et er jOus viapolkhgse/ o Osliiden peheb@ikiepatdle Nackagfig graLENts from
diffusing fromthe package anélD being lost, such as water "and/or oxygen.

Among | 19 January 2004

TECHNICAL 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/mL or higher.

An important 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



W 01/15899 PCT/ US00/ 24182 the types of products where these | ow perneation

rates are inportant are foods, both dry and |iquid materigl §nuzﬁ2?0b#'
bricating oils. For exanple f or dry foods |ow water vapor “tran sSion.
rates are iwp@lflimt to keep the foods crisp, 5 while | ow oxygesvordisz _
transm ssion rates 'are inportant for any foods t hat may oxi di ze, form ng

ff I / t he f The l.awer the.transm ssion
Pates of tnod dRe e b BhucE Bl DA Mo PO pd e dUE xhERs| B8R and) or

t he | onger imporiteod may Beossor bdtheﬂnyeaﬂnelh:gmmduate]r&aa@d/ andt he-

hi ck [ bere t hout | eteriously affecting
;blsgl 3'? Zsrat es&etflq%?lgﬁgmgs ?%% eglaT“p E%B\L,ﬁ f%%s” Wé‘&ﬁﬁnf’é@ I n

sone i nstantm}sm;imcas rapett bhes ﬁ.mpoi't')aﬂlletﬂfd) eitespl thed F cpAs! WERsP! col ogne,
It may n_and/or o en out. Gther conbi- 15

ep_wat er.
nati ons WI I VI Otgfg(gten gﬁ?“ﬁ?‘f‘fggéﬁn rages %%5%“1"\?@5@9‘/:1%’8‘1“3’
W99/ 46302, fd@ﬁg/tdﬁ&()may maahéésoﬁgrma@/fﬁsocsowmgmstawg@g/ é,‘_égﬁG
W00/ 24788 00/,32641, .G .J Britoves et al Chem Soc em -
Conmun. %%%1 ?%’59§f°dand owehpthe Lrangmisssgn ratsg pfethe (Am
Chem Soc. ,pa[hkag:]?@ ymhe Blaema): unla £38d mlﬁleas&el%&)/dzallbokncorporat ed
by reference re|n f es as if fully set forth), all report

the pol ymerT%H %ok Oélﬁﬁﬂ EE‘ SEP g"RY OPF oL ESD R EPedREsuSedcer t ai n

tri- dant atmd/lcgﬁm;d& thackRekE0Bfi 8haBgLcRigifg HSP K AdMRckl ¢oc88hti Ng
roved | ower) water vapor and/or oxygen

Dor ot | on S P RS E BT ABPOLBSE T MG CATFREESFRRERTADN 30
Accordi ng tef amiradesPeaiborthati BMORhEGeP! OVidesSoRe PAEHAYRes, such as
bottles for toiletries such as perfume or cologne, it may be
desirable to keep water in and/or oxygen out. Other combi-
15 nations will be obvious to the artisan. -
US5955555, W099/12981, WO99/46302, W09%/46303,
WO99/46304, W099/46308, W099/62963, WO00/15646, WO00/24788,
WO00/32641, G. J. P. Britovesk, et al., J. Chem. Soc., Chem.

Commun., p. 845-850 (1998), and B. L. Small, et al., Polym.
20 Prepr. {Am. Chem. Soc., Div. Polym. Chem.) vol. 39, p. 213

(1998) (all 1ncorporated by reference hereln 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 According to one aspect, the invention provides a package
comprising a high density polyethylene obtained by polymerizing

ethylene in the presence of a pelymerization cata-

}



conprising a high density polyethyl ene obtained by polynqugjémga @ylene
in_the presﬁggﬁr ho @ pol ynerization cata WO 01115899 19 Jaﬂ%ﬁ?qréﬁg

PCT/ US00/ 24 yst conponent whi ch conprises an iron or coba conplex of
a conmpound of the formula (1) (1) 5 wherein: R, R2, R3, R4 and R5 are each
i ndependentllys%e?@@ﬂcé}?ntf hahh eogieaisesonsi érpngomcm'tog:@mplax of

hydr ocar byl 4 5hndﬁgf td ok grqu and a substituted hydrocarbyl; and
R6 and R are each i ndependent |y Se) ected fromthe group 10 consi sting. of
aryl and substituted aryl. According to &*seco aspect, the invention
provides a rigid storage tank conprjissi ng\a hi gh density pol yethyl ene,
characterized in that the high densi yetthyl ene i s obtai ned by

pol ynerizing ethylene in the 15 pressa of a polynerization catalyst
conponent whi ch conprises an- irep or/cobadlt conplex of a conpound of the
formula (1) (1) 20 wherein: R1, , R4Nand R5 are each independently
sel ected fromthe group conS|st|ng o] rogen, a hydrocarbyl, an inert-
functional group and a substituted hydrocaybyl; and R6 and R7 are each

i ndependently selected fromthe grou 25 S{sting of aryl and
substituted aryl. 3 19 January 2004 Accorgling t& a third aspect, the

i nventii on provides a !

(I)
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.

According to a second aspect, the invention provides a
rigid storage tank comprising a high density
polyethylene, characterized in that .the high density
polyethylene is obtained by polymerizing ethylene in the
15 presence of a polymerization catalyst component which
comprises an iron or cobalt complex of a compound of the

formula (1)

20 wherein: :

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

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

25 consisting of aryl and substituted aryl.

3



process for making a package, conprising the steps of: (a) polynerizing
ethylene in the presence of a polym erization catalyst cqgpg b8 form
hi gh density polyethyl- 5 ene, the polynerization catal yst conponent
conprising an iron or cobalt conplex of a conmpound of the formula wherein:
Rl1, R2, R3, R4 and RS are each independently selected 10 fromthe group
consi sting of hydrogen, hydrocarbyl, an inert functional group or
substituted hydrocarbyl; and 3a 19 January 2004 WD 01/15899 PCT/ US00/ 24182
R6 and R are arHfcordiubspi eutkbrampbechndtish)invenii oy mreivddpsl get hyl ene
into said DE%@&% o2l RhRIAPIY pta%@aeép@cg@rrigiﬁ?r@sﬂe tpROYe. is a rigid
storage tank or is otherw se based upon a nultilayer sheet 5 or film
contai ning at | eést moilemeayerigf etiylienewiinCchhat preasticone ef pbigml ayer s
conprises, the HDPE defined above. Accordiing to.a fourth aspect, the

i nventi on p%’é\lnzadl_l:elsona ca nl(:Yessts FEP ISR =79 T ﬁég}érg‘?/‘ét%‘dzry ZRdYsFh¥vkygen
transm ssi oaneat gse gfolamdiPRECiR aavalgspackagensRbudasitiiAdqgabnl east in
10 part with_a first HDPE, conpri si the step of replacing, guring t he
manuf act ur e* b7 A acoﬁ’aa?&ad“e‘?m €% é’aélt% &£OPBrERgnCbs thnete HDPE with a
second HDPE obtai ned by polynerizing g#hylene in the presence of a

pol ynmeri zation catal yst conponent_ whicR co ises an iron or cobalt

conpl ex of a conpound of the fornfyla (I " (1) whereini: R, R, R3, R4
and R$ are each independently selegted/fromthe group consisting of

hydr ogen, a hydrocarbyl, an in- i

R \ /N

===N

#OR
wherein:
R', R®>, R®, R’ and R® are each independently selected
10 from the group consisting of hydrogen, hydrocarbyl, an inert

functional group or substituted hydrocarbyl; and

3a



20 ert functional group and a substituted hydrocarbyl; and Rs and R7 are
each independently selected fromthe group consisting of E%r“‘éb“% 004
substituted aryl. 4 19 January 2004 5 : DETAI LED DESCRI PTI

PREFERRED EWBODISNTS Herein certain terns are used whi clrcanssoedigned
bel ow. A "hydrocarbyl group" is a univalent gr oup contai ning only carbon

and hydrogen. Aszexanp esalq% s?mrf% P% TR g 8 a{]"tglalgned unsubsti tuted

al kyl's, cycloal kyl s an herw sé is preferred

t hat hydrocar byl (b)grimrmneaﬁdidl bylygthwlmn)e hetei satanpatiadet 0 about 30
car- bon atons. ed_hydrocar s meant a hydro 10

car byl group that R h)sttg%eg% %ﬁ%‘? srtedt Sgnf‘ga}’%uiﬁ 2\t are inert
under the mmmnktqrons bnhwhwi.:életHSE&edCQ@SbﬁuadmﬁDﬂiPéﬁflgsﬁé&SG gr oups
i's subjgctegl. ( i.n~_ert functional oup, _see bel ow), The

. subst i tuent gr%u%é CAEd89nst gu%%'fa‘?ﬁe? &I%V?rd«?ﬁrlﬁﬁni‘%l‘t’ i¢ht fere with

the 5 19 Jamesty GGHLHL \ﬁﬁeOléiéBQQc&ﬁﬁ'fiﬁ?Ql 24E8BppR| JEBIhddt Ak r OCESS OF
operation of the_ pol yrrerl zation catalyst system I|f not otherw se stated,
it is preferred 2CRAFIEDHIO Bufedr HYy rdestbythgyriaysat her prpvdsiesaen 1 to

about 30 capbesesd ofE- lbﬂéf&hﬁiﬁ%ﬂe"wﬁah@r@%rﬂgngpors&%@ PrhMieds e
ri ngs cont ai nj gg one oOr re et eroat ons such as nit rogen, Oxygen and/ or

sul fur., I n"8"supst iUt BHERG R GEaIng PRGFageFRNEfagHErad ditodenst nay be
subst I‘ﬂ‘llt edpa@f witH fd ot MIPEt M¥hprising the step of replacing, during

the manufacture of said package, at least a portion of the first
HDPE with a second HDPE obtained by polymerizing ethylene in the
presence of a polymerization catalyst component which comprises
an iron or cobalt complex of a compound of the formula (I)

15

r* RS
R! _/
N
R2 N
\ /
..__N\
R® R (I)

\{vherein:
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.



By "(inert) functional group” herein is neant a group, 10 other than

hydr ocar byl or substituted hydrocarbyl, which is inert qug%n&ﬂﬁzgégcess
conditions to which the conpound containing the group is subjected. Th
functional groups also do not substantially deleteriously interfere with
any process described herein that the conpound in which they are 15
present may take part in. Exanples of functional groups in- clude halo
(fluoro, chloro, brono and iodo), and ether such as -OR50 wherein R50 is
hydr ocar byl or substituted hydrocar- byl. In cases in which the functional

group may be nearpeTAatrEnDHIRIPTROA ot 9k AherHRNY EMBRDIMENWR al one
shoul d not 20 coordinate to fhe netal atom nbre strongHé than e groups

in those conpoun8§TEhEt CEF ' ¥hdaTHs 2E6orarAarheh tare e fimedabedoym t hat
is they should nat «di;8pbaseoyNegrrgir 8¢ GOnnPbAH &3¢ | PhuY Ut Bhidg
"cocatalyst" qr a "catalyst activator"-is nmeant 25 one or nore coffpounds
that react WA §3rPaRsPRE JWIRASAD - cARpEHAEPL®S fof hyvairarambydsedavat al yst
speci es. IN@eShehribatal ¥studedi A hRyaB " alkYda AlD cQgRQund”
whi ch, herein, islneant_a conﬁbund_iﬁ‘wﬁich g¥ Yé%sﬁ”bne a k%ﬁa group is
bound to an Idl @fFnoiharshse Gtatredyr dipd sspeafesredtiadr raxdmuaebydl koxi de,
hydri de and g hal.egea,ay; &l u : ] ong. | e _conpound.
By "aryl™" ig negntqannonoeg?gﬁ?ﬁgggng%fgagrg%%@%ﬁHa%?%%qﬁthl?Eééggélence
is to the c@dpoatamem of an aromatic ring. 6 19 January 2004 WO 01/ 15899
PCTI US00124182 Ag_.ar, n [ re,aromatic.rings which be
fused, connectedggy %#ﬁ%?étggﬁgs gﬁrgFﬁgngroéﬁg?ln 1S ant - a h§3¥o-

10 carbyl group that contains one or more substituent groups

which are inert under the process conditions to which the
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



By "substituted aryl” is neant a nonoval ent aromatic group substituted as
-set forth in the above definition of 5 "substituted hydrgcarbyl”. Simlar
to an aryl, a substi tuted aryl nay have one or nore aro i@"ﬁ‘%ﬁf&go i ch
may be fusegoagpeected by single bonds or other groups; @é‘?‘)ﬁ&ﬁrhum"‘he”
the substituted aryl has a heteroaromatic ring, the free valence in the
substituted aryl group can be to a het 10 eroatom (such-as nitrogen) of the

het er oar omeR T STHFHACT S tRERFSSTS aCE ardRGiFatap™ ref attihvel ohowREdGAgiiRaL i ng"

(or "weakl yegondicnalysteng”) 2RI ABE 3e8ePRaBE haseqaniiens A geperal ly
re- ferred to in the art in this manner, and the coordinating 15 ability of
such ani onsthat kFBRATARYCEAs HEEPCETdYdss8HOVRS thRXgin ecantein seetpor

i nstance WaBaak.30 &adon 8. R&iuddd -iB& e ddQbmbAzk (LQ88),-and S
H Stares, Chem Rev., vol. 93, p. 927-942 (1993), bothof which are

her eby Si.nchieRt ByFer eFEPEnEONLALBLEISORR ARi BALE afeteFA or m¢h2esf r om
al um num cofPOrEeds:, s er-desarsked 14 the ,i%gg@f | Sidasequent
par agraph and X-,_ i ncu:%ﬂ, ing (R51)3A1X-, (R51 2_Asl 1X- ,tLngSF'ZlﬁA?4 12X-, §a'nd
R51A10X-, whekeidtlReL ité‘ea%WFPGEGPh@ﬁYugéf grbabhEwerdi ma i ¥y rifdme -

i ncl ude BARpodBAf1= tetrakis[3,5-bis(trifluoromethyl)phenyl]borate),

SbF6-, PF6-, 25 and BF4 trifluoronethanesul fonate, p-toluenesulfonate,
(RSO2) 2N-, and BYCoRdNezB) . f@pctienak Hrounii srdresdar’ iss meaaht 2 agxempound, .
whi ch i @R, ' ‘ Lew | e sych ‘
Compounds I gl aas orhayaroar oL WL Fh T o AT, SRt L
"cationi c LEWE ¥80¢r thenpuacess cernditidng tanhkct the gotpemsdaci d.

Exanpl es Ofcéﬂgglﬁiﬁbigﬂé BESuﬁOQQUQBﬁHEEtéﬁJ‘”%hé“?dﬂ@@ional groups

also do not substantially deleteriously interfere with any

process described herein that the compound in which they are
15 present may take part in. Examples of functional groups in-

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

as -OR*® wherein R* is hydrocarbyl or substituted hydrocar-
byl. 1In 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 wmeant 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 ardmatic group in which

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



7 19 January 2004 WO 01/15899 PCTI US00124182 By a "package"

I's meant any

container that is nmeant to "be sealed nost of the tine (so i mes |1 ed
' ( ggglta 2%%

"protective packaging"), especially before the contents

[y 200444 nst

anbi ent cordolbis/eess such as air and/or noisture, 5 and/or |{SSusbrifle
package's content as by evaporation. The package may be designed so that

the seal a

conditions, may be broken permanently broken as

I nst .anbi ent
by cutting arfyétaﬂaﬁ'gp‘ﬁfeoﬁﬁﬁ 9T SBAFe PRI T TRPDHEFBKBAY t Rpor ari |y,
as by openi fgseal,s eotweeapdbbit kenghd bhieds r&plaaidw dhwpaap. 10 The package
may have one or nore inlets and/or_outlets to store a material that nmay be
added to and/ or 5% t FYPRRATHEFEH 2FRL" phe KRRAP W 3 HIRRO ePTEPRM AIg t he

package. Thgrdufrlsubage cibgdbasi-sefedoith aly tRINYoksSeR 8l Wy Jhe
polyeth¥lengigfed herg!ﬁ i.s obtainable, and pref- 15 erably obtained, by
'

zi ng”EYHRENE

pol ymer

YERESRFRELhce HFMLLA% 413 2 EdnpanERPSEbNDIi si ng

an iron or wodsl argonpheXhate dheSUEMmbFONaARmhCbakingz0NBk X e8P BYe be
formed by gﬁ%%hb- e%é of nethods, for exanple, the conplex may be forned be

20 fore th

SCE6A P¥ ParebE nRendsy Oh e HrEwPFadovewpT ex bei ng

added to thehgppltHREEUBREL OO RAOSESS, h8s 4 Neet ST SadiRY B8l OFARd in situ
rization process, such as disclosed in previously

in the poly .
incorporatég§55§@§§§§§ ARdtheuggPebiRuted Al \§IoDIs 6273 ben 0\ 00208034

(al so ‘ijpcorp@atond qbaenbysr 8 £-6568) NSF oire Mt &kda RUINRASES 18
forth), and reference na% be had thereto for further details
o8

t hese cat al k82 GlpResEE

Rd the preparation thereof.

if_fully set
regarding

By “relatively noncoordinating” (or “weakly coordinat-

ing”) anions are meant those anions as are generally re-

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®})iAlX",
(R°"),A1C1X", R®ALCL,X", and R%!Al10X", wherein R* is alkyl.

-Other useful noncoordinating anions include BAF" {BAF =

tetrakis[3,5-bis(trifluoromethyl)phenyllborate}, SbF¢ ", PFs,

25 and BF;", trifluoromethanesulfonate, p-toluenesulfonate,

(ReSO2) N7, and (CeFe} 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.



In preferred enbodi nents, the catal yst conplexes are 30 referred to herein
by the fornmula (I)MXn, wherein (1) is the conpound (1), |\1/Iis selezctedfrOm
the group consisting of Fe and Co, nis 2 or 3, and each RJaguary 2004

i ndependent ) o@fissdi on.  Preferably each X is independentl, f‘hsﬁ?ﬁixﬁize’ and
nore pref 8 19 January 2004 WO 01/15899 PCT/ USOOn4182 erab?ﬁglr chl'orrde. This

formul a can be depicted by the struc- ture (I1) below (Il) wherein Rl, R2,
R3, R4, R5, R6 &d 2R "PICEAE"déFi Reant RaperntagRgrnthat i wwamg. thhe

fol l owing a5 JUAfRl kiRt BROdHEERE Se Of séddt imedR caﬁea“f%ﬁéic@éﬁdydr ogen;

and/or R4 and R5 are each independently selected fromthe group consisting
of hydr ogerPEHERHEAY |-, sRGChoLAvabelfabr clisr sfonteneeapty waady| ; and/ or R6

and R7 are £pcthdcndaeadentLias ehank el Ul Al anafdel didl qraHbst! L ut ed

aryl, and nore pref erablfy aryl an stituted phenyl, and especi ally
aryl . 1Hh (19nHwF QoSS oft the ppekepeed ToRieIRG AssbyROVRIOrRicks afftheR s

(IV) 5 9 1919000 %R0 qW0:0hLE5899% nECH U Q44482inst ambient
conditions may be broken permanently broken as by cutting ox
tearing to open a sealed bag, or may be broken temporarily,
as by opening a screw-cap bottie and then replacing the cap. .

10 The package may have one or more inlets and/or outlets to
store a material that may be added to and/or withdrawn from
the package without further opening the package. The pack-
age may be formed in any mannerrtsee below) .

The polyethylené used herein is obtainable, and pref-

15 erably obtained, by polymerizing ethylene in the presence of
a catalyst component comprising an iron or cobalt complex of
().

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
W099/12981, or in W099/50273 and WO00/08034 ({(alsc 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 eacl. X is independently a halide, and more pref-



wherein: R9, R10, R11, R14, R s, R16, R19, R20, R21 and R22 are each
i ndependent |y hydrocarbyl, substituted hydrocarbyl or an i ert functional
group; provided that any two of R9, R10, R11, 5 Rl4, R's, 1§f@””ﬁﬂ g&
R21.and R22 wooimsks t 0 one anot her taken together may for mhd)gml n
particularly preferred enbodinents R9, R11, R14 and R16 are hydrogen ;
R19, R20 , 2 _are |nd ently neth et hyl pro , 1 sopropyl,
hal o or trrﬁﬁ ﬁéﬁoréﬁﬁ 107 ﬁﬂmﬂTBC&Pe @%%Eﬁﬁ%% ﬁ? geAT

net hyl, ethyhnxpr@mylbelbeepropyl hal o or trihal ormet hyl . The conpound (1)
IS preferably formed by contacting a 2,6-diacetylpyridine with an

am no-substituted aryl conpound under ndrtu@ns so as to formimne

| i nkages, as disclosed 15 in previowsly ivicorporated such as disclosed in
previ ously incorporated US5955555, 99/ 1, W99/50273 and W00/ 08034,
and reference may be had thereto for her de— tails. The polynerization
catal yst conponent nay optionally 20/conp r§§“9§h%r conmponents such as, for
exanpl e, co-catalysts and catalyst try X exanpl e, the catal yst -
conponent may contain a com pound W ch |sxa neutral Lewi s acid capable
of abstract- ing an X- fromthe catafyst - Iex to formWK-, provided 25
that the anion forned is a weakly c8ordinating anion, or a catronrc Lew s
or Bronsted acid whose counterion is a akl'y Rcoor((jjl;r)atrng ani on; and
provided that when none .of X.js_al- aryl or_hydride, said second
conpound i s capaBiPEreAn Fraﬂ%ﬁeﬁrrﬁb hﬁdrﬁﬂeaﬂﬂ %I@VP 2§ Nefipedr ef erred
conmpounds Winsleudendl kykal gnbauin conpounds and/or other neutral Lewis

bases. For exanpl e, the_ conplex
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-

10 erably methyl; and/or

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

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

R? R0
RZ ]
15 . R (I1I);
and R’ is
Y
Pl RY
RIS R15 (IV) ;



(1) MX,, wherein Mis Co or Fe, nis 2 or 3, and X is halide, my be

contacted with

an al kyl al um num conpound such as 10 19 Jagggf@ﬁ%&%&)o){\o .

01/ 15899 PCT/ USQQ 24182 net hyl al um noxane to form a hi ghl
pol yneri zatWaMl16k al yst. Iron conpl exes are preferred, Fejdrsoandsze [111]
conpl exes are nore preferred, and Fe-111) conpl exes are espe- cially

preferred. \ApaLt

ttj.cularly preferred conplex is 5

[ 2, 6-di acetyl pyri di nebi 5{1(2, 4,6-trimethyl)phenyl imne}]iron dichloride,
especi al |y in cBhbiRati®H. wRt'h RELhRIMal BY nBE°, arE. 2AddRT: amal edehai | s may

in be f ' ' , |.N3...§0r 55555 and \W099/.12981,
059/ 50273 HnPraaBEhY OBSEp Lty PObEL P PR RPN 5 B Bsed | n
t he presenterti fuaationahegrdw carovededuthan she ges ghase, rOT, iRA t he

li'quid phaggse
system  especi

[ is ) . f d hod . th t al yst
Specl kLD BT g ol guestan 6 BeLhed ule catel et

Iy the iron of Cobalt Conpléx, o)

(het er ogenddgsrheuppayt fosueh wag.silica, alum na, another polyner, or a

netal halide. T r [ na | so, be.carried,out.in _Ratch, -
seni - bat ch, cogiﬁi RQQLQ’E@AI& 0 %%ferléeg eﬁ"??ré?’ti“% & b(rj& ‘i %f sert e
heniez &tyidowgeanr eR{S; eR¥rr 8t 2@ ES:fare andicpeelienteg¢ systens and

- t -th t hyl ene polyneri zat.iqn ar escri_bed in,
for exanple, BK?‘ZL%E%W%%’ rlﬁog'gf%gagggg%g%gé,OW%?}ia%ﬁft%yaﬂQQPQGSOZ, )
WD9- 9/ 4630 \AHRD/RAB 304 ivaepedaeatl y e &2063 me ttBAQ/ 5646, WVBEE;P4788

ti nuous polRy
condi ti ons “{‘eg

uous, or I NUOUS po n-

Ils.
and W00/ 3%%%%5.:089 'rgé cgeonrc rmlg%e%gyygd thereto.for further detai S.

The compound (I) is preferably formed by contacting a

2,6-diacetylpyridine with an amino-substituted aryl compound

under conditions so as to form imine linkages, as disclosed

15 in previously incorporated such as disclosed in previously

incorporated US5955555, W09%/12981, W099/50273 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 2 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 ié 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

\
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The package may be fornmed by any conventional nmethod for form ng packages
fromthernoplastics. For rigid con- tainers such as.. bottl1§ seal §B4
cartons, storage tanks es- pecially for water, chemcals Janpdary g
solvents, coemei/isey930 jars, barrels, and drums, the contai pefusagsiae bl ow
nol ded or rotonol ded. In extrusion blow nolding for exanple the body of

the contal nge.syeh as: A.a1d 1 BB Ush b J e HOPE. descri bed herein, or

may contain two” or nore | ayers, dary
PCT/ El SO0/ 2¢&821yetast Timn afomplliexesi aré herdfeRiredes ceifnell Araera(1diie cap of

a screw-cap C t Ie b ection

nol di ng, ctgf?gign%?or%p%g%%r Pra eﬁgegrhdaenéo #qpof:ﬁglplﬁ%?ﬁr? f,Hqh as
anot her ther:uraplaspre:feaaretdmerm)@ah:tf'ncﬁlmgl}r Qﬂierf,exﬁ?&ﬂaEOmﬁlrL]éx i@s
approprlate | v, fra onal e_cont ai ner nay
be t her fof of \émdpg%m}ilé me 1;“5,_& "ﬁ%ﬁ%’hﬁ?@ﬁ'%ﬁ‘é@ ]t’c’Eﬁﬂ ai ni ng
at . | east odéchageideaf &s*or_eadalBREy andcbhlelrmﬁl& jwaithete by V&1 Ghitgox-Or by an
adhesi ve or th. 10 Another form of packaging is flexible bags or pouches,

many of whi Ch are heat sealed or seal ed with adhesive after _bei ng filled
W t h what ever thaqdma'amai cenbailes. mdhesgaimbe Foumadenf peavibh8by ofnt ubes

of the HDPE or nult o] that_ co tal n_at | east one | ayer

of the HDPECOAPIE2Y %e ﬁssfg)?énﬁfig ﬁﬁ%g%ez%t Wé’é’g e423¢ 3md end, filled

wi t h “lioqui #ooo/sebi4l, and then heat sealed or sealed with adhe- sive at
heat _seal ed al ong t he sides,

1E thI gf:l,he;ngn'(tjhe%gﬁ%;ﬁ%%rggaggogﬁgoo ‘(P:ﬁ%rtrt?n&ml?gr ugHeinyehfERTeRENsed for
some of allintehbfon may be carried out in the gas phase, or in the

liquid phase especially in slurry. In one preferred method

the catalyst system, especially the iron or cobalt complex,

15 is supported on a solid (heterogeneous) support, such as
silica, 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, WO9S/46303, WO99/46304, W099/46308, WO99/62963,
WO00/15646, WO00/24788 and WO00/32641, 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



20 seal s. Pouches may be formed by simlar nethods, except they tend to be
nore rigid, because of the thickness of the material frorr?é%/’\dﬂi ch ti@y are
made and/or their configura- tion. The flexible packages agHary 4% eal ed
by inter- | gidiaskescal s that nmay be opened and reseal ed, spggd{,gmﬁzglsgS
called zip lip seals. Al of the above types of packages, and other types
of packages, may be pmade by nethods_known in the art for making packaging
from t her mopiagst PRE, 58 ih i diis EORE Peseribed Bereipd,  TEn SRR Gfedi a of
Pol yner Sci£negedntabNol N&eiptap Hdb¥ale bh0madehBrWLeYmSePONss ew York,
1987, p. 684-720, which is hereby included by reference. As such,,

HDPE- cont ai 3§t paEK A9 P Pha R I HEFFRRE@ing) oR&T RaRaber medp ot st/ or

oXygen transyHesSmafet8hES Siadh R bhokdelaRiRiNop84ti¥0 Q1{HS83% et -

PC7/ U500/ 24182 prepared by replacing, during the manufacture of the pack-
age, at’| edst™arf§rtr oRt! ¢ IF HRPE SR TRPEdessd HBPE BBlvesai MRl e (and
preferabl y siteai medrt dasnsPipddh AR RephaceeRbyCBl PR-ARSAIRIdShed by
substituting this 5 second HDPE at the time of manufacture of the package.
The second49PPE EhRASt SPhpiRe FRRE&F ian hilkdd ayrrc 6heeht FeRBRIDHEPRE or can
be bl ended middh epaveayeoNsd ¢HPETPE 0GR the %%Elsaﬁgiﬁeaoﬁy\f?@ldaﬂcn%he
sanme. For multilayer packaging as described above, 0ne or nbre of the :
| ayers can e byr 8Bapebetve f%eIBPH-om t he second HDPE, or a blend of the
second (§IDPE wi t Rn6eANENEH, 2 Sulstityyed I con-
venti onal HDPE. The bl endﬂg?ﬁf Egﬁa%as 12{%5%1}%%%?525 b%?%ng,r %ﬁzhﬁ’end, or
even a read®d¥ Bfendiphepeg iy ssailmde o iseglechylisheahesive after

being filled with whatever they are to contain. These may

be made from films or tubes of the HDPE, or multilayer films
or tubes that contain at least one layer of the HDPE. A

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. Mark, 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



15 the presence of the catal yst conplex referred to above, along with a
second active HDPE catal yst (co-catalyst) such as a Ziegler-Natta and/or
met al | ocene-type catalyst known in the art. See, for exanpl*@Ua¥eRO8usiy

I ncor por at edo\09P5HsL 2981, W99/ 46302, W99/ 46303, W99/ 463%«;,“&9&4@308

20 W00/ 15646, W00/ 24788, V@OO/32641 as well as W98/38228 and

W99/ 50318 (whi ch e als ncor por at ed reference herein for all '
pur poses- a ’fefpa\"i?ldlagfys"éFpgﬁ?fﬂ? R %rﬁﬁ@sfatcﬁélrFoPiEoﬁPﬁgpi“@%‘ts wer e
used: Oxygedygd [l ansMeastoa pafsti.ﬁBﬁSdif ethe! HORE ani tXtr @8cbhd2iaBfE A5 Model T,
hi gh transm s: | nc M nnea- polabs IMN 55428 U. S. A)

te . test
at 23C and "ﬁ%rl'%qut Bdhﬁﬁ?g?Féb X_ObTRE N5k i5én TPRGR aPPYe- sampl e fil ms

were run in dup|Hep1&&ta&enﬂ_heath@ré(c@éfamﬂji\ﬁsﬁéﬂitbyi sublthtiedng eSS M
D3985-81 " St and?rd test Method f é?en Gas Tr nsm ssion Rate 30 through

pl astic’fi |5 HrEE; Phgthei Hbm‘éoﬁf' FRCYRs G theppagkage ar eM%port ed
per 25 m t hisdRs IDPE Bhh).siMpl eBe Wes&d CIM eiciRd dmc@nbahemahéic pressure

of 101 kPa (760 | es were conditioned for_2 h prior to testlng
13 WO 01/ 1 18] 5!%%?aP$ gg%ﬁde@d%‘%dé?‘?‘éﬁwer@ét HDPEQ 1RaST4eD e,

Exam ne tineepiaset@ pobtidht&600€Re Gase! | %ﬂ\ﬂﬁllz:(lﬂay%ﬂiﬁhcw@g§ﬁ§”aﬁ3 Vapor
Transm ssion. was neasured using a Perma- tran(r) W3/31, water va

transm ssi GHFSSFEESR BRRYEN, ORACOF mareoBgthe NS G6% RE. PLERHT f| | s

were ryg i nselunly dath thbestB8aaYHBEE! her t&H1di U IdhaedetbBndSThddP1249- 90
"Stan- dard Test Method for \Water Vapor Transm ssion through plas- tic film

and sheet i i WsiGFvenrdatrat BBPEnf Fapedswesisoreted for a layer of con-
ventional HDPE.

The blend can be a standard physical blend, melt blend,
or even a reactor blend prepared by polymerizing ethylene in
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, WO099/46302, WO99/46303, WO99/46304, WOS9/46308,
20 WOD0/15646, WO00/24788, WO00/32641, as well as WO98/3B228
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 dupli-
cate. The theory of the test is outlined in ASTM D3985-81
"Standard test Method for Oxygen Gas Transmission Rate
30 through plastic film and sheeting using coulometric sensor”.
Results are reported per 25 pm thickness (1 mil). Vélues
were corrected to a barometric pressure of 101 kPa (760

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

13



Results are reported per 25 4m (1 ml) thickness. Sanple 10 test area was
50 cn2. Relative Hum dity was essentially 100% Sanple \/\/33 conditioned 2 h
r

before testing. Examine tine was 30 min. Test tenperatu

waguasy 284

Unl ess ot hewi 38589t ed pol yner density was neasured on samigssopdigpar ed

accordi ng to- ASTM D1928, Procedure C, 15 slightly nodified.
Pol ytetrafl I ted,alym num .f.oi|l was_used as
&H%#p &%% %%% ﬁ%% %g . %Q%Flne 5i9e1§8€,6§hT 1. ﬁ

sheets, an e heatup tinme was mn e el

g he

backup sheeadss ddgw plaaci2dg 1t beLwandwi ch of material and a 10 m| (250 t. m

chase of Teflonr{r.) L e fromE 1. DuPont de Nenours & 20 Co.,
W | ni ngt on, DE T&égé:)ﬂ;%e&\%ég’% ? Eén W~ Sieet" S Sof “rorf == dHa- 5 zfci_%r?ﬂat
directly betwied w e/ 1 esamtfdatepsr Thendelss St \byRanUREBSHL, Wase done

fol l owi ng ASTM D1505. Density of extruded blown filns was

neasured on the

as made’ fi 1Hs ABINFheOmePRGaREs AMADISFFS MSTREFER P pBIHLAtE -heat  of

fusion of prieyrRledprya®Meas cesedi HYort fifrient akTHCHMM S\

salgrigetry,

from the 2nd heat, and using a heating rate of 10C/ m n. The

; | .
BZ;EQ \é? ? erfia%ﬁ%sr"rgl‘d@&&&@hé% faser apradeReweri Pt pouat PRasand 1°10i

which are neld findi e ahedihihgr 88inghealoaudR el e88Lsre IS dBRasSUr ed by
ASTM net hod D1238. In the Exanples, all pressures are gauge pressures. In

t he Exanpl é&switss apgntrepozvedager ndb goul @r midi) ghhickhédes s

nmol ecul ar wWeli 0 det.erm,ned. by 14 19 January 2004 W 01/.15899 .
G B e 3T S O SR ST 07, e R RE TS mel i ng

PCT/ US erreati on Chronat ogra
poi nt, and JAM%.i s Sheetleowabusbnditioned 2 h before testing.

time was 30 min. Test temperature was 37.8°C.

Unless otherwise noted polymer density was me

Weingllte aver age

Examine

asured on

samples prepared according to ASTM D1928, Procedure C,

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 she

placing the sandwich of material and a 10 mil (250

ets and

um} chase

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

20 Co., Wilmington, DE 19898) between the two sheets

and placing it directly between the press platens.

of foil
The den-

sity measurement was done following ASTM D1505. Density of

extruded blown films was measured on the as made fF
the method of ASTM D1505.

25 Melting point and heat of fusion of polymers

ilms using

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 pres

In the Examples Mn is number average molecula

sures.

r weight,

Mw is weight average wmolecular weight, both determined by

14



Exanple I 5 (111) can be made, for exanple, by procedures described in
previously incorporated US5955555 and WD99/12981. | nside 1§ itro%%B pur ged
drybox, (111) (28.0 ng, purified by re- crystallization frgmanuary2004
CH2C12/ pent amop1/vs pl aced in anhydrous toluene (-10 m) pAfuMIDeb2 (1.2
g, Akzo-Nobel, 12.25 wt % 10 nodified (contains sone isobutyl groups) MAO in
t ol uene) wa% ed The rg@ultln orange_sol uti on was shaken for | mn

y

and then de 53EEFF?%a HORREPITEPIE e - FRVIS /48 TPphéfi methingi | i ca)
was added a@dlhhe AhAt gre ishakan B@rf&S{bnThe orange solid was filtered
fromthe clear solution, washed 15 well wth anhydrous toluene and finally
wi th anhydrous pen- tane and dried uBdarplmcuum | nductively Coupl ed Pl asma
analysis indicated: Al = 6.7% Fe = 0.12% In a dry box, snall stainless
cylinders (25 to 40 nL volune) werey i
total 20 wei ght including support) &t
(5 m of."a 1 Msolution in hexane)
connected to the autocl ave reactzs ] under nitrogen purge of the
connections.. Cylinder pressurizatif FRLnes were al so connect ed under
purge. 25 |sobutane (1200 g, Mat hesep CI@ grade) was transferred into a
cool ed aut ocl ave (-30C) by pressuré erence. Once the transfer was
conpl eted, the autoclave (Autoclav 19 January 2004 W 01/15899

PCT/ US00/ 24182 Engi neers, 1l-gal (3.8 ) was heated to 20C and stirred at
1000 rpm The solvent was saturated with hydré§Eh to the designated H2

pressure. After saturation, the reactor was
5 {(ITI) can be made, for example, by procedures described

solution of triisobutyl alu- mnum
ich). The cyl- inders were

in previously incorporated US5955555 and W09%9/12981. 1Inside
a nitrogen purged 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 resulting 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. Induetively Coupled Plasma
analysis indicated: Al = 6.7%, Fe = 0.12%.
In a dry box, small stainless cylinders (2S”to 40 mbL
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 purgerof 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



heated to 80C and pressurized with- ethylene to 1.72 MPa. 5 The trii sobutyl
al um num sol uti on was pushed into the reac- tor with ethyIS e foll d by
the catalyst also pushed with ethylene. The final reactor [‘}F’B‘é@'ﬁ

2.41 MPa andololvesseet hyl ene feed was switched fromthe feedpMashhaist O the
si de port_in the autoclave. The reaction was run for nore than 2 10 h or
until the ht |l oss_in the et h)gl ene cylinder was equal to approxi mately

800 g. At BRETST LrE ol et 2a¥2Bi BRACERTP AR OradhsS WA a8l owl y

through a admopepmod Thé(&dlﬂﬂﬂiIWﬁsathhEQﬁéB PUEBEnPE et & ORE Ng of the
reac- tor. Theig% éger was dried overnight. Two polynmer sanples 15 were
prepared at AeREPaF Bt Th PHESTERCSpr BEERT 2 U WAL ¥37hi thes TaREFOTpMEBerti es are

gi ven bel owiead2dPeessore HenprivsiifiBed( kPahl 21401404 12MMDeidy. cJ/ g 9/ M
16401. 0015, 515. 51033012826712. 40. 9641134. 9242 26001, 5322. 815954510940311 5

Exanpl e 3-Dhea g E5RBAT A | Ve B AT Fed UEL BRTHES pBvERsd pHRSAEre fIesH Exanpl es

1 and 2 werte;xeaﬁthQtﬁpy\Q@é fanrded Wit Bna002ppM 08 148 He)d 1A%6, and- 500
ppm of gaf Olltg) 168 ant il oxidants (rmade by Ci ba- Cei Al at hon(D

7820 hi gh $epol VBT hyre BRASEOB arﬁéaumow@Eq%f&y #Pmﬁ@ L. P,

Houst on, Tét‘hz,zaaeuféed\ aas R0l Il Frb8C Ak Ohe8aNFEs 4o NO! Yot eneVas
obt ai ned from 25 Nova Chemi cals Corp. (Calgary, AB, Canada T2P 5C6), and
i s port in the autoclave. The reaction was run for more than 2

10 h or until the weight loss in the ethylene cylinder was 7
equal to approximately 800 g. At the end of the polymeriza-
tion, the reactor was vented slowly through a 5 h period,
followed by a nitrogen purge prior to opening of the reac-
tor. The polymer was dried overnight. Two polymer samples

5 were prepared at different hydrogen ptessures, and their as

made properties are given below:

Ex.|H: Pressure{ I, Iio [T16/I2] Mn Mw ED Den- Tm | AH;
(kPa) . sity | °C |g/g
g/ml
1 640 1.00115.5|15.5(10330) 128267 112.4]|0.9641|134.97242
2 690 1.53(22.8 15 9545 1109403 {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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believed to have been made in solution using a Ziegler- Natta-type

catal yst. Properties of the- polyners used are shown bel ow_i.n Ta- ?%84

1 9 January 2004 WO 01/ 15899 PCTI U500124182 Table 1 Pol ynerDERYaY

12110110/ 12 ved gibasgelex. 10.9914.5914.7 -Ex. 21.8824.8913. 2 Abafticiahks
78200. 95630. 448. 0318.4 Scl air(r) 19C0.95230.978. 859. 13 Each pol yner was
blown into nomnally 50 m (2 ml) thj film[actual thicknesses 44.5-50.8
m(1.75-2.00 ml)] 5 using a 2.54 cnﬁ%%ﬁﬁiéianeter Killion blown filmdie
fed froma 1.9 cmlei¢9 diareter—Ki-l-l4on30L1 L/ D extruderfit- ted with
a 3/1 conpression fatio Séﬁg?ﬁl purt pEE el 10, h6 Trem fo/F81) deep at the
feed end, and incILmka4n»@4¥}Ju¥aﬁ__JigﬁﬂLe gap—tas0-11.cm {0.045"). The
rear zone of the e} 10.truder was at 172-184C Al ot het__barrel and die
tenpera- tures werg 220-8XQCl The déxtruder stfe%P shbedld 00 rpm  For
the filmdie, blowjup raf¥*e ¥as 3.%:1. and haul8df24.8pedd \Ras 305- 335
cmmn (10-11 ft./maathwen® r osdad ijned . 33 kept 44af &ldout 1182.47114.0 cm
(5.0-5.5 inches) abovgcjg‘_@QS e, tbyo agfjasst frend7 pis .idwe | I owel speed.
Properties of the &as made fiims are grven i Tabie 2: '

BEach polymer was blown into nominally 50 pum (2 mil)

thick film [actual thicknesses 44.5-50.8 pum (1.75-2.00 mil)]

:\—-/‘

5 using a 2.54 cm (1”) diameter Xillion blown £ilm die fed
from a 1.9 cm (3/4”) 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 Hz0-
JDensity|{ 0./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
{1135, 1145} (2.2, 2.2)
4 Ex. 2 0.956 142.5, 116.8 0.19, 0.20C
{1140, 934) (1.9, 2.0}
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Table 2 Ex. Pol ymerFil mmL-m | g H20- Density02/100i n2/ daym |/ 100i n2/ day.
(nmol / n2-s/ 25 .tn) (nol / n2' s/ 25m)  AAl at hon(r) 78200.949168. 2, 167.50. 27,
0.27 (1346, 1340)(2.7, 2,7) BSclair(r) 19C0.947178.3, 184 %(1) @1?3 % @
(1426, 1479)(2.9, 2.8) 3Ex. 10.955142.4, 143.10.22, 0.22 2 3 , Y 2?(2. 2,
2.2) 4Ex. 20.956142.5, 116.80.19, 0.20 (1140, 934)(1.9, 2.0) 17 19 January
2004 CLAIMS What is clainmed is; 1. A package nmade froma nultilayer sheet
or film containing at | east one |ayerClIgfIMg hi gh density 5 pol yet hyl ene,
characterized in that .sai? hig% 1.cle_nsi ty polyethylene is obtained by

pol ymeri zi ng eth e 1PN StRE™Pritence” of a pol ynerization catal yst
conmponent whi ch i1conpr paekage mads fxomc ababilt thagdesheetacrofipbiund of t he

el ect ed 1 1 TR PGB CRRPELTHD 50ty AF 0B i Jt it dar byl an inert’
functiongl gisluRetaydenesubRatracterd Apdliacahbylsahdiph RénamatlyR7 are each
| ndependent lgolsy%lt grtl%gef E.gmolgtt.]gir%c?% polymerizing ethylene in the '
presence of a polymerization catalyst component which
comprises an iron or cobalt complex of a compound of the

-formula (I)

10
wherein:
R', R?, R?}, R! and R® are each independently selected
from the group consisting of hydrogen, a hydrocarbyl, an
inert functional group and a substituted hydrocarbyl; and
15 R® and R’ are each independently selected from the group

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 c¢laim 1, characterized in

that said package is a rigid package.

4. The package as recited in any one of claims 1-3,
25 characterized in that said complex is (2, 6-
diacetylpyridinebis{(2,4,6-trimethyl)phenylimine}lireon

dichloride.
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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 claim1, characterized in that sai is a
rigid package. 4. The package as recited in any one of clg?gg%%ggﬁob%S
characterized in that said conplex is (2,6

di acetyl pyridi nebis{(2,4,6-trinethyl)phenylimne}]iron dichloride. 18 19
January 2004 5. A rixgixd gSHOEegeada tenkoapipsisithd ahindbhdaassiyy

pol yet hyl ene, characterized in that sai.d hjgh densi.t. ol yet hyl ene is

obt ai ned by BUIXARMIENGy EPRFREHFIAFY A8 t%‘g'és%??tfi rﬂ%hagﬁg%[%/‘f%ri zation

cat al yst ,C.O'B}ﬁ'}%tthy&@n' @il EPIMPInsE Hyabolimer Diimphahlenapiextiod a
cormpound of ‘the fornulal(li wherein: RR2, R3, R and R3 aﬁe each

i ndependent Inresdnas of 20PPHYAT IRt 08U FAEBRLT S 1GITPBERRy YRR, a

hydr ocar yl , I8 Lof UBshi gRaloiIQUReRPRTeR SHIRSdomgbatahygresar byl ; and
R6 and RB angQEEﬁﬂgn epengentlysgelectedBfron1the group consisting of

aryl and subBmimultaedIdryl. 15 6. The rigid storage tank as recited in claim
5, characterized in that said conplexsis [2,6- -
diacetylpyridinebis((2,4,6-trinethy|)p enyl jRfiine) ]iron dichloride. 20 7. A
process for making a package, i si mé steps of: (a) polynerizing
ethylene in the presence of a

wherein:
R*, R?, R?’, R! and R® are each independently selected
10 from the group consisting of hydrogen, a hydrocarbyl, an
inert functional group and a substituted hydrocarbyl; and
R® and R’ are each independently selected from the group
consisting of aryl and substituted aryl.

is 6. The rigid storage tank as recited in claim 5,
charactefized in that said complex is {2,6-
diacetylpyridinebis{{2,4,6-trimethyl)phenylimine}]liron
dichloride. ’

20 7. A process for making a package, conmprising the steps
of;r |
(a) polymerizing ethylene in the presence of a
polymerization catalyst component to form a high density
polyethylene,
25 (b) forming a multilayer sheet or film wherein at least
one of the layers comprises said high density polyethylene;

and
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pol ymeri zati on catal yst conmponent to forma high density polyethylene, 25
(b) forming a nmultilayer sheet or filmwherein at |east one of the |ayers
conprises said high density pol yethyl ene; and 19 19 Januaqﬁtégga @@b4

form ng said package fromsaid nultilayer sheet or film <charactérrzed in
that said polynerization catal yst conponent conprises an iron or cobalt
conplex of a conmpound 5 of the fornula wherein: R, Rz, R3, R4 and Rs are
each independent | ycsefgediath fsa9d bhekas® Ur eoridt mat Df ayuudriget, or
hydrocarbyl, an inert 10 functional group or substituted hydrocarbyl; and
R6 and R7 ar§1&WyI or substituted aryl. 8. The process as recited in claim
7, characterized tf, r&@@énsz@ddlaa@iﬁagesaﬁ dverbgr Dackagelybr 9. The
process as recited in claim1, characterized-in that said package |s a
rigid packageomngneﬂﬁecq%m’éé% 8% 1EeR (¥ qobadiy coneler &f & mempaymd o
characterd zedei pnihal,mpid conplex is [2,5

dlacetylpyrldlne I1s((2,4,6-trinethyl)- phenyllnlne}]lron dichloride. 11. A
process for making a rigid storage t ank’, 25qzsconprising the steps of: (a)
pol ynmeri zing ethylene in the presgpce a /polymerization catal yst
conponent to form high density 20 =N

wherein:
R*, R?, R’, R and R® are each independently selected
from the group consisting of hydrogen, hydrocarbyl, an inert
10 functional group or substituted hydrocarbyl; and
R® and R’ are aryl or substituted aryl.

8. The process as recited in claim 7, characterized in
that said package is a flexible package.
15

9. The process as recited in claim 7, characterized in

that said package is a rigid package.

10. The process as recited in any one of claims 7-9,
20 characterized in that said complex is [2,6-
diacetylpyridinebis{ (2,4, 6-trimethyl)-phenylimine}liron
dichloride.

11. A process for making a rigid storage tank,
25 comprising the steps of:
(a) polymerizing ethylene in the presence of a

polymerization catalyst component to form high density

20



19 January 2004 pol yethyl ene, the polynerization catal yst conponent
.conprising an iron or cobalt-conplex of a conpound of the fornmula (1) 5
wherein: R R R3 , RAand i are each independently sel eCﬁ@S‘anl{aFfﬂﬁéJ‘e
group consi sting of hydrogen, hydrocarbyl, an inert functional ‘group or
substituted hydrocarbyl; and R6 and R are aryl or substituted aryl; 10 (b)
form ng said high density polyethylene into said rigid storage tank. 12. -
The process as i Ln i : i i id conplex is
(2, 5-di acet yl ﬁ%&%&hﬁ{ggf‘é{(gﬂ'%%el riagts yﬁéé%%g'rfﬁ ¢ r%hgg????on di chl or i de.
13. A processdmprikdngr engitdre amaicobakipopm &t exyggEporrd i on rates
of an HPDE-cqﬁﬁ%hging package manufactured at least in part- with a first
HDPE, conpri sing 8 the step of replacing, during the manufacture of said
package, at least a portion of the firsf HDPEswi th a second HDPE obt ai ned
by polynerizing ethylene in the prasencg of 4 polynerization catalyst
conponent which conprises an iron g coifar® conplex of a conpound of the
formula (1) 21 19 January 2004 (1) in. Rl, R, R3, R and R5 are each
i ndependently sel ected from.the _gr nsi sting of hydrogen, a
hydrocarbyl, an 5 inert functi  and a substituted hydrocarbyl ;.
and R6 and R7 are each i ndependentl ected fromthe group

5 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;

10 (b) forming said high density polyethylene intoc said
rigid storage tank.

12. The process as recited in claim 11, characterized
in that said complex is [2,6-diacetylpyridinebis{(2,4,6-

15 trimethyl)-phenylimine}}iron dichloride.

13. A process for lowering the water vapor and/o;
oxygen transmission rates of an HPDE-conﬁaining-package
manufactured at least in part with a first HDPE, comprising

20 the step of replacing, during the manufacture of said
package, at least a portion of the first HDPE with a second
HDPE obtained bﬁ polymerizing ethylene in the presence of a
polymerization catalyst component which comprises an iron or

cobalt complex of a compound of the formula (I)
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consisting of aryl and substituted aryl. 14. The process as recited in
claim 13, characterized 10 in that said package is manufactured from one
or nore |layers of said first HDPE, and that, during the -%ﬁEV f said
package; "at | east a portion of at |east one of the Iayerrsni‘g;j‘t:l sa gﬁ??rst
HDPE is replaced with a | ayer of said second HDPE. 15 15. The process as
recited in any one of clains 13-14, characterized in that said conplex is
(2, 6- diaqetylpyridinebis{(2,4,6-trina#hyl)e@enylinine}]iron di chl ori de.
20 22 :

/

' {(I)
wherein:
RY, R’, R’, R' and R® are each independently selected
from the group consisting of hydrogen, a hydrocarbyl, an
5 inert functional group and a substituted hydrocarbyl:; and
R® énd R’ are each independently selected from the group

consisting of aryl and substituted aryl.

14. The process as recited in claim 13, characterized
10 in that said package is manufactured from one or more layers
of said first HDPE, and that, during the manufacture of said
package, at least a portion of at least one of the layers of

said first HDPE is replaced with a 1ayer of said second

HDPE.
15
15. The process as recited in any one of claims 13-14,
characterized in that said complex_is {2, 6-
diacetylpyridinebis{(2,4,6-trimethyl)phenylimine}]liron
dichloride.
20



