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5 High density polyethylene (HDPE) made using certain
late transition metal containing catalysts has lower water
vapor and/or oxygen transmission rates than similar HDPEs
made using other polymerization catalysts, thereby making
them superior in uses, such as packaging, where lower water

10 vapor and/or oxygen permeation rates are advantageous.

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
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| ower water 10 vapor and/or oxygen perrreation rates are advant ageous.

TECHNI CAL A |l yet h 16, (HDP I.S_an | ortant com
nercial pr oguc §£i ar g %E_Lg%ﬁf@;?_l eéh%g?ngh%%% (e PR T35F8 #FRE i s
typically rmgmaz@d a(r@ndopQSdebonhddfpramdhelmlcp)cmﬂfalbheaﬁaesent

i nvention) gs i al near rystalli ne nmer

et hyl ene (pr %toqahom%gﬁoﬁifﬁ@w%ufoﬁl% oY r’?'p %t g?ﬂ?ﬁg very

m nor anount:sansmaaﬂw melebs hmemwoﬂ@mwa)kems&@ﬁdwsacggaﬁ;ty of 20
0.94 g/l hieqtiow AL an of ackagi n I ch may be
di vi ded i nt W% generxg géé mf“fgﬁf“anp’é%fk%@ Mo SHEFE”%??“ b&PF| 88 and

t anks, and foaid b:ll'mtpa‘lalyag»xlﬂlglza(;hfaSmbmSoﬂﬂdcom.t&fEﬁﬁi/oIhQaEQégEdsrﬁay.be

f db th bl or injection nmoldjn and the latter are
Suarty ¥ or HEE 0 TheioBu0 Y AReOlautt o STr et tan Rases BRatBE wni oh

usual ly forne

is HDPE. I-ﬁREcagar@ f aher pdtpackapengosateripl tiﬁE%(r)mWoﬁ*r’]anﬁt S 3e](c:ause
of | ow cost I at i veI eas b| lity and goo t oughness, an or
some produc ?%é ﬁ‘?&l é_yﬁ'gﬁt BRAr BRE LT oF T HefIre bEiRIsuEPEher

del et erlbousaﬁd}’drheﬁﬁ m:mdlstﬁta&s ol the 458@1@5@5@3 PRSK AGe’ z%d%‘é@ﬁeﬂiéhéﬁem
di ffusi ng f t he k%t\%% and being lost, such as water and/or i/gen
o) g, GOLe o BIckage a0 Do g, | o5k st 2 Jater and o o
of course important advantages. In some instances, 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. -
US59855555, W099/12981, WOS9/46302, W099/46303,
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-



the types of products where these |ow perneation rates argq j rbahg are
f oods, bot '\v%}’ns%?ﬂ liquid materials, and lu- bricating oi ) l§2<arrpl e
for dry foods Tow water vapor transm ssion. rates are inportant to keep
the foods crisp, 5 while | ow oxygen transmi ssion rates 'are inportant for
any foods 1%igf erREPEN xidhocempyiskts 6ol dronapm/ evbalisicespdex afrel |s in
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w thout deleteriously affecting absglute\rateg of transmssion, all of
course inportant advantages. |In sone\ nstahted, such as bottles for
toiletries such as perfunme or cologneN_it/may be desirable to keep water

i n.and/ or oxygen out. O her conbi-- 15/natNons will be.obvious to the
artisan- ' US5955555, W99/12981R /46302, W99/ 46303, W99/46304,
W99/ 46308, W99/ 62963, W00/ 15646, 4788, WO00/32641, G J. P :
Britovesk, et al., J. Chem Soc., Ch nmun., p. 849-850 (1998), and B.
L. Small, et al., Polym 20 Pre r. (®m NSoc., Div. Polym . Chem)

vol. 39, p. 213 (1998) (all incorporategsby reference herein for all pur-
posesias if fully set forth), all report the pol ynerization of ethylene
using iron and cobalt conpl exes of certdf tri- dentate |igands. No nention
is made of the use of the re 25 sulting polyners for packagi ng where

i npr oved (1 Ower ) Wwat er vapor and/or oxygen perneation rates of HPDE are of
inter- est. SUMNEBRYREF RHE R*NWENTRONBO Lomtorididependenntyaspbedted he

i nvention provides a package .conpri si hi gh densi ol.yet hyl ene

obt ai ned by%%'f'yﬁ%‘?i i WP ‘gﬂﬁf’ls&ﬁé‘q ﬁﬂ]ﬁ‘@%ﬁl"@g@ncﬁ Wééog%qt%}lﬁer%?ai'?bn cata

WD 01115899ert 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



19 January 2004 PCT/ US00/ 24182 |yst conmponent which conprises an iron or
cobalt conplex of a conpound of the fornula (I) (I) 5 whggghRiarRogod2, R3,
R4 and R5 are each independently selected fromthe group consisting of
hydrogen, a hydrocarbyl, an in- ert functional group and a substituted
hydrocarbyl; and R6 and R are each independently selected fromthe group
10 consisting.of aryl and substituted aryl. According to a second aspect,
the invention provides a rigid storage tank conprising a high density

pol yet hyl ene, chafaerdinaz&® mnthieg ashechi giddagenyiopaispsibdpFeae is

obt ai ned by, polyderdzi fgx 1M §RekbFe ! Nompt2 sPhESENE &b sa,pol yimeri zat i on
cat al yst conponent which conprises an- iron or"cobalt corrp?ex of a conpound
of the formula (3) gdlymfrivhaieiathyReneRin BRe RéesatcRyfalke poagh-

i ndependent Ly.selected . fromthe group consisti of _hydrogen, a

hydr ocar byl?¥%1%atl|%llerﬁa"faulr¥c§' oAt p “&n 05“‘5'8%%%‘{1?}%/%’&3%?89885?15%; and
R6 and R7 aereeache ipulepencend iors elaaeled cf coipbhengr &dtibridingonsi sting of
aryl and substituted aryl. 3 19 January 2004 According to a third aspect,
the inventi dhoProvi cREEH Cp‘?‘%‘%‘eeg% Fort OTPRYE BhckBYefoTBHSr i sing the
steps of: (a) polymerizing ethylene irmsthe presence of a polym erization
catal yst conponent to form high depsit poly%t hyl - 5 ene, the

pol yneri zati on catal yst conmponentRconprisiRg an

R \ /N

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



iron or cobalt conplex of a conpound of the formula wherein: Rl, R2, R3,
R4 and RS are each independently selected 10 fromthe gro I,.Shhing of
hydr ogen, hydrocarbyl, an inert functional group or subs'ltll|BtJ(éﬁg%k'%bbl11

hydr ocar by| WOAHES83% 19 January 2004 WD 01/15899 PCT/ USOOk24hfsdefisand R
are aryl or substituted aryl; and (b) form ng said polyethylene into said

package. Prefergbly 4t e pac ref : above.is a rigid storage tank
or is otherw se a?e upon ak‘El It i a;g/{elg’gg#eue ecp?%’rl'f 2R cont ai ni ng at

| east one |ayer G%), formimgwahid polyedstlanmee iofot baillayetisagonpri ses, the
HDPE defi ned ab tnog.to,a fourth aspect,, the jnventjon_ provides a
process for Iomoel%]%e%%g%\gbgrpegﬁ%gea e(f;e&re saeﬁb?Yﬁanﬁi%ﬁjcﬁlu} ates of an
HPDE- cont ai st erpgradicate aransf athareilsatbdseastupon 40mpBfiladydh shddy st HDPE,
conpri skng p..Qf, r.eplacipg, durin t he manufacture of said package,
cat | eas',t5 a %%ﬁ%‘ﬁ coc%ttaﬁéuﬂqr ?F 1EBPE ‘\’/ﬁ%‘[ H‘aﬁ'eé‘ef?gnd"ﬁDF’E W iRd by

pol yneri zi ripasthydrenefl rthehdaypreseasprifesy ROkYHAPPEZaéE Ofled ABbYS!

conmponent whi ch conprises an iron or cobalt conplex of a conpound of the
formula (1) 15 (PFERR&I o aRrfourth apecRd il iRyeatéoraetrviggspandent |y

sel'ected frpmbbbes gﬂ’dlulloﬁr@ﬁﬁ]il%tﬂrﬁgw@i:eby‘%c}:Qﬁe@nd?of‘Yéi{ M R¥hn s d ity 20
ert functional group and a substituted .hydrocarbyl; and Rs and R/ are each

i ndependent F§t&8| 2L 38 FEPBRFIHE ig¥idgprae FepHEReFuRad/ Btahgasubist i t ut ed
aryl. 4019 paptatyc?@04irst HDPE, comprising 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)

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.



5 : DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Herein certain terns
are used which are defined below. A "hydrocarbyl group” H%Jgn&ﬂgﬁgbfnt
group containing only carbon and hydrogen. As exanpl es of hydrocarbyls may
be nentioned unsubstituted al kyls, cycloalkyls and aryls. |If not otherw se
stated, it is preferred that hydrocarbyl groups (and al kyl groups) herein
contain 1 to about 30 car- bon atons. By "substituted hydrocarbyl" herein
is neant a hydro 10 carbyl group that contains one or nore substituent
groups which are inert under the process conditions to which the conpound

contai ni ng these QEONPSED DEBdRIeateft 0. 9ue PiudvRred EvBoREMERRS! group,
see below). The substituent groups alsc do _not. substantially detrinmentally

interfere with t REXSIROCYBRR -4 STA01927 198530 PEF Jso/mes delov.
pol yneri zati on prOGAGErSEaPREl &frdcdRiphOfi st BeuROby @I ZAI RN cfrRlakMsl system
If not otherwise stated, it is preferred that substituted hydrocarbyl
groups her efM¥oREEPAT138% hydrnaemso Agr bsAmRl oAt |hdupsartyd st meyneani ng
of "substs B WeedioALs HAAUSSCAWRANNL,PRE OFTDL B! &l pAt such as
ni trogen, oxygen aﬁglor gulfur., In_aaSUKstft€¥%%giy rocar-.éﬁgaﬁf all of
t he hydrogedd ®ey pEhsuvise tshated.adti Ast préfepred grethyiydmearbiydert)
functional groups heh8I Mk qﬁggg I draocar byl or
substitutedg%yd?gcgr yl, ﬁi}c I Egi2@?#93nﬁégt%%gegH%ggggn%bﬁ |??%ns to
whi ch the cé®poahdmsecontai ning the group i s subjected.. The functional
groups also do t'éH? Lakl | eteripys interfere with a rocess
descri bed hereingghat %égg%%%%uﬁﬁggﬁgéﬁ#%ﬁ thé§eé?els meant - a H%drg—

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



15 present may take part in. Exanples of functional groups in- clude halo
(fluoro, chloro, bronmo and iodo), and ether such as -OR5Q \ﬁgerei [%HE 0is
hydrocarbyl or substituted hydrocar- byl. In cases in whi ¢H JPREaY i onal

group may beyg\gAase® transition metal atom the functional pgfpiRngis9ne
shoul d not 20 coordinate to the netal atomnore strongly tﬁan the groups

in those cg&)ﬁ)ounds that are shown as coordinating to the net al atom that
i s they shotfd Bt 23 SpradFrIIRedest r PG 161di fht ithg grokmemEyagion

"cocat al ystcatdlydt' GtleSt agti ¥8t ObthkwiBaNEta28d0NE 0l SR feegRAUNdS
that react with a transition nmetal conpound to form an activated catal yst
speci es. OneRRucFUPERLEreE idresegbyils FROVEF kyIe%iithi RERERBAPGUNE®

whi ch, herghdut i3 aHord HAROUNC AL vC Bl afdarPing FKWsurdequp is
bound to an_al um numatom her groups such as, 30 for €exanple, alkoxide,
hydri de’andtutfd o§e® FPIS §6T681BSRAIONE 0CH] URTAURTEEHRALITME t FacSoRsouNnd.

By "aryl" isitRajh,a il R/ o3 QARG OF O4P & Nsdbld Chrydde ﬁ%&%c}&%‘-ence
is to the carbon atom of an aromatic ring. 6 19 January 2004 01/ 15899
PCTI US00124885 Adlaqfi thgy hiydyegsne BRYnbBresubsrhtvecdi mps ithiten ffmp-be
fused, connggh&adi Y single bonds or other groups. By "substituted aryl” is
meant a nonoval ent aromatic_group substituted as -set forth in the above
definition of By SUBsertut Sunaytewehroydur” Siendis itsomgantr g greumubst |

R gk il L ST

connected by single bonds or groups; the's
aryl has a Heawr oacderathe pragess heonditpong|tnodiiah the sobpoundted aryl

group can bg,10,;8ihe! the group is subjected. The functional 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.



10 eroatom (such-as nitrogen) of the heteroaromatic ring in- stead of a
carbon. By "relatively noncoordinating" (or "weakly coordinat- ing") anions
RN

are nmeant those anions as are generally re- ferred to int

hi s

manner, andwbhbgissgordi nating 15 ability of such anions is gkagusbeand; 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 {1 . "Bt 8P RAT AT P2 At EBTRE IRy Yy che@Y hiRe.  Anong
such ani onsfugerl,t hoaneteeaeBy28: hiDa B NvM IO WdspeUch as those

described in the inme- diately subsequent paragraph and X-,
(R51) 3A1X-, (RS¥) f)&‘féfk-t}lt?zél

I ncl udi ng

AL 2xES mepPRe MANevalghéy 8aFANKREAC | s al kyl .

- Gt her usefgitouporebdetdcoabingsaskonsoitie| tdec IBARLdBAReEinition of
tetrakis[3,5-his trlflugggnethyl) henyl ] borate), SbF6-, PF6-, 25 and BF4

YEGRat¥ITReREPYb hes F kAR, 9 RSOBTYIN- 2

trifluofomet

SRBSYE6F6) 4B-.

By "neutraltitl srjaseayl hateabhe 808 0MPA ot &0 dihgaQhidh hP, bathi ch
can act as ﬁfLemns base, Exagp%es of such conpounds i'nclude ethers,

SRk, RRAe5Eg9n

am nes, sul

10939 bondesor MERRIGIAVRS : LBRANSVREI d” i s

meant a catiidh thet stBBtachcedSadyleMhs R0hdkeFBRBNAS Oh-igHChegations are
sodiumand _silver cations._ 7 19 January_ 2004 WO 01/ 15899 PCTTI US00124182 By

a "pagkage"fq%9|ﬁ9&ﬁ?c§n§ncﬁh?aFHEFt%ﬁ%Ee¢saFE%ﬂﬂrQR? 5& beakedan@st- of t he
tine (9gnetdrme el (sadh’ REOheELbYEn) PEE KA e derSRGRIAL! ¥1RgT pre the

contents are used, against anbient conditions such as air

and/ or noi sture,

5 and/ or | et afhe pagkage s content as by evaporation. The

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 tho

se 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) phenyl]lborate}, .

SbF.™,  PFg,

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

(ReS0O,) N7, and (CegFg) 4B .

By ‘neutral Lewis.base“ 1s meant a compound,
not an ion, which can act as a Lewis base. Examp
compounds include ethers, amines, sulfides, and o

30 triles.

By "cationic Lewis acid" is meant a cation t

which is
les of such

rganic ni-

hat can act

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

silver cations.



package may be designed so that the seal against anmbient conditions, may
be broken permanently broken as by cutting or tearing to gpen a sealed
bag, or may be broken tenporarily, as by opening a screw—@a‘_ﬁ‘"ﬁ%t@o@‘land
then repl aciwp@i1446s cap. 10 The package may have one or noge.. SgAnd/ or
outlets to store a material that nay be added to and/or wthdrawn from
the package without further opening the package. The pack- age may be
formed in any nmétihér "ESEE3FEN ohF. TTABE pBLY crmpladneT useRl Het dlarnits to

obt ai nabl e, pangb RS mok? efakhy ERhaI (EGmetndWOIUABELL Z4 «J]%%ne in the

presence of a catalyst conponent conprising an iron or cobalt conpl ex of
M Such ir @rHRPIEATIt cEoRpratdy hafore Fha memtepta axe iused,y of met hods,

for exarml'eaga{if}?stc%i%tn%naetﬁeﬁgsu%?_a?é)-a;fi g E?Sr &j.ygﬁ{ée%ation s
performed, wth the preformed conplex being a déd to the pol'ymeri zati on
processs oradder dosi ©f ke packesabd ¢entsinty sisnbyhevapdyatsiarz.at iTive

, | Iy ey o Iane r af. and
D00/ 15081 TR Mo rR050s Snaatiho B s R Ahghne DRt O,

reference tRanditioms Fay per pysksnapeitatantly dapkefions By it imgf exence
and the propararion CREFest Soracar Bre o e oa pEare PR ge™ e
conpl exes &% B0 apehdmnded sorherean bytthe dmof mea tepMEingEreicapl) is .
the cggpousitt (laialdd Saehseled brom Log. arouncanahsting. of Feo and Co. n
is 2 or 3, and“eac I 's”i ndependeniTy an anion. referabl’y each X is
i ndependentdtore lkalmaderiaddthekempyebe 8add®d) dmruamy/ 20 0w Vi O4hwril F3:-%eh '
PCT/USC{h4Jé§% 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-



erably chloride. This fornula can be depicted by the struc- ture (11)
below. (l11) wherein Rl, R2, R3, R4, R5, R6 and R are as gsg%ned % above,
and n -is. 2 or 3. The following are preferred enbodi nment nggry 2006 Ro
and- R3 are hwdroogssss and/ or R4 and RS are each independent pgragb@gi®d from
the group consisting of hydrogen and nethyl, and both are nore pref 10
erably nmethyl; _.and/ or RG .and Rg,ar each i ndependently selected fromaryl,
and hal o- suBEaARt & &FYEE - and™ hor oiﬂﬂﬁﬁeFéﬁlgeaﬁﬁﬂlﬁﬁﬁf DalF5es§BELFT ut ed
phenyl, and tasgecim@l)! pedbyd:. In (1) and (I11), it is preferred that R6 is

RO RO R 15 and R is (IV) ; 9 19 January 2004 WD-01115899.

PCT/ USCO 24182 wherein: R9, R10, R11, 4, Rg, R16, R19, R20, R21 and R22
are each independently hydrocarbyl, rsubst\tutéd hydrocarbyl or an in- ert
functional group; provided that any Ywo o . R10, R11, 5 R14, R's, RI6,
R19, R20, R21 and R22 vicinal to one her taken together may forma .
ring. In particularly preferred gnbodi mrents, R9,-R11, R14 and R16 are
hydrogen ; R19, R20 , R21 and R22 ar® in

pendent met hyl , ethyl, propyl,
i sopropyl, halo or trihal onmethyl; R10 apd R15 are independently
hydr ogen, nethyl, ethyl, propyl, <

(II1)
wherein R!, R?, R?®, R', R°, R® and R’ are as defined
5 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-
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 ( I V) ;



I sopropyl, halo or trihalonethyl. The conpound (1) is preferably forned by
contacting a 2,6-diacetylpyridine with an am no-substitut (éd ar%/l 2%8Hpound
under conditions so as to formimne |inkages, as discl os_e‘l Jpguany -
previ ously WAQUI8H at ed such as disclosed in previously porarseordased
US5955555, W)99/ 12981, W)99/50273 and WO00/08034, and reference may be had
thereto for,fyrtier de- tails. The polynerization catalyst conponent may
optionally 20 cogpril%e oltlhernco one?sts sych as, for exanple, co-catalysts
and catal yst acR va@'0rsR FoR ‘exBifpl &°.t R° car’4| yRT eondpwifentremagchontain a

com pound ; ' ' ew ' blLe of abstract- i.ng an X-
fromthe célﬁléﬁe?g?ﬁgléﬁ%}% to d{a%h#l&”sﬁb%?%%zﬁ%@a%ﬁf a r% e Fni®n*formed is
a weakly cestdifpackhgnahi rpumor perovédedonhat Lawy stwos & @ist e’ ,ag*t, whose f
counteriongis aweakky o100g5AI N3t ng .apion;. and.provided_that when none o
Xis al"}i kﬁ ! g{ry1 a%ﬂre' h%/‘dfi%e,’ gai 3%gegon 18&%6&%8 f’?ec%‘ﬁ%’g]i‘f%ro'?aqcen

t ransf erri rgdeypterdowaprfeikyd timgM 30 Preferred conpounds Wi ncl ude

al kyl al um num ¢ r her _neutral..Lew s €Say FQR, eX I'e, the
conplex (1) W?gp%ggig?‘ﬁ Kﬁ P}; P@%tfgrrrﬁg, errrl'g?%h'ﬂe% SS%Zn X i's B9 de, nmay
be cont act &° wizteh haxdrabkpt akiini Rifm 8dnpodn @23 ucte asndpehBedanyary 2004 WO

Oy MAHFOC EEATE, U, YTLIR0e | B L8 N S g, (1))
conpl exes &'t aot &'prasfeerinddpeaddntey | hydrapim exasdr,e«esge-, prably, L
P BB B TS BREITA eyt 1t vt on
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. )i
- 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



di chloride, especially in conmbination with nethylal um nox- ane. Additional
details may again be found in previously in- corporat ed U§ 9255355 aﬁ?
W99/ 12981, W99/ 50273 and 10 W00/ 08034. The pol yreri zat i'on2PAY SPR ¢ he

HDPE used i mwobrispmwesent invention may be carried out in gpdgusmB4iase, or
in the Iliquid phase especially in slurry. In one preferred nethod the

cat al yst sy | the Jdron_oyr. alt conple 15.1is_supported on
a solid (hetﬁlrgrggg:éﬁgﬁg &g%r}p/ep&rot Loz fééé:h%g“f |E'rcc“§~?’ea‘r”8f‘r%’ﬂ3’,-”laﬁ6’f?f§r pol yner,
or a netal hakadgst Thelrgolgomiliezxati ane newe fdredie Fedor | edndutre {Tr Hat ch,
sem - bat ch, tions.in series. Con-

L.ouo r..conti.nuous pol r-d
ti nuous pol 5#?%%%%0%%% aré)oereplpéﬂﬁglgfga.a’ Z_?P%rs%ff&ﬁ aﬁ&“‘B}gT‘%?r%’ae sy$%ns and
condi ti ons féalturpyefemepedut A paretbyl erey polafietried at:bﬁplekeiglegg/rl 2382' n,
for exanpl revi |y..incarpor.at S595555 99/ 12981, 99/ 4 :
W09- o/ 46303, 20808} 2630 ,P’Wfé’g‘f&?g’ééé?gv%g‘g/ ?‘Y\{S@g‘ﬁﬁ 8%E7 B 24788
and W00/ 328a¢hlanide ef srencialiyy ihecdfbhmadt idiewdth fhethfusiheinset ails.
The pa’ckagea y be forned. by any conventional nethod for formng packages

fromthermoptastics. For rigid con- tainers such as..bottles, sealable
cartons, storageAdditkiomes: qeeeiidkl yafoagaint ave fohed sal freduchs1anth-

ol ded o FOPBRBT Had. U TP Lrtn B Byt HGoP6POBIATBRS the’ body of
t he corbai noosfichoms. a bottle may just be the HDPE described herein, or
Ty o 4 a The Y e at i odl el edmm S Hbe? 00aa "D Onalo839 ¢

invention 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



| east. one of which is the HDPE descri bed herein. The cap of a screwcap or
snap-cap bottle be made of the HDPE, as by injection nolding, or
t her nof orming, or may be made of an- other naterial, suchqlgs‘%QHﬂ'Eyr?&m

t her nopl ast g ozasdodrer noset 5 ting resin, netal, etc., as ap@f@g&,i,ﬁ#sg. Two
hal ves (or other fractional parts) of the container may be thernoforned

froma sheet of the HDPE or. a nul ti I}&éer sheet containing at |east one
| ayer of - t HEIIOPERSaRY YHECH 4% $heoitidd BpsreidrAghesriny afhadtsiafe or

both. 10 Anptheewteap 6f Ppagkadiibde:ifd @6 hagebagscae ABPEhess nyany of
whi ch are heat sealed or sealed wth adhesive after ‘being filled with
what ever t ey S5F&T o™ sFRF n O HESEMIAAP T HEIm@E Fr¥nPei made opf talbes of the

HDPE, or mddHehrapatetidlP sitn tabemddialr ¢oRt-abpiakehieast eRehawar- of the
HDPE. A 15 tube for exanple may be heat sealed at one end, filled with

liquid dr Jofdreghl tFRtthedt™Sealddd spProRaTadew t Kvadheivesveont the
other end. diHelrl MraBYi&Eal Qhgiadonge tHedonts8akedmaloBd tHE b HSSed i || ed,

and then heat sealed at the other end, or adhesive imay be used for sone of
all of the ZPTsdafFbieehodic Hde HRPHOT G Mvd thy ayem FheeketRBEsinE @Mt t hey

tend to be yE¥eR bhel aybe@tISODHE KRR Dadk st §8:inlBL B @1 dyn Whi ch
they are made_and/ or t}f:uel r configura- tion. The fl exible packages y al so

be seal ed ISF Pt 8R- 2fbekivR) ¥edaFh-hat may be opened and reseal ed, o
Someti fips 25 CahhgngtPrbim Seqlatkallinlidl e AIRNE LUBESoLIphRAKAgES. and
ot her types of packages, nmay be made by nmet hods known™in the art tor
maki ng pacdkayi R FRéeRtaks nfitastdadsd sue sked edx aipheathesbyk, atter al _,
Wiey & Sone Ren Vort v IgE e 57 38y Sg REpBepidy, Pheat by hy
ref er ence. B mgdehfrompPE R mmithibey wickdg HHPRavomgmlhpideger 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



(I ower) water vapor and/or oxygen transm ssion rates can be 12 19 January
2004 WO 01/15899 PC7/ U500/ 24182 prepared by repl acing, during the

manuf act ure of the pack- age, at |east a portion of the HOPEARWEWN 2904econd
HDPE ob- tawpaiphsod and preferably obtai ned) as set forth akeMessRaR) acenment
can be acconplished by substituting this 5 second HDPE at the tinme of -

manuf acture_of th ackage. The econd HDPE can--sinply _be used in place -
of convent A" ,r88§%‘éﬁn%e YEHGR IR t“?f‘@%r?\?&ﬁf‘?o\égl CRBERRSKT order to

rgpl ace a pajd, @it Qfe]?bhﬁaslﬁﬁftiﬁﬁrofm%ﬁé | reryresr ulﬂigmkggbalgolﬁa ?dB@Cdb'h-bEd ; '
above, one or. mpr.e of the ers.can be prepared 10 sole romthe secon
HDPE, or o HGIRPIS (RS DEGLRERPRPLORFY IR A 5o &P TEBPEDYRen
substituted for meplayement €8A-by¥eattonsl idhRE bylhabkiteadteay Bigia standard
physi cal bl end, I% bl end or even a reactor blend prepared by

pol yner P zi r@ecél"ﬁ{;le@ E Ph the ELES prhsBHRE It e Alatkry BRCkadD extef er r ed
to above, atamgaVibiPEacaRCoNEpagt byeusEPE LBl eoncahakiysi) such. as a
Zi egl er-Natta and/ or netal] ocene-type cat alg/st, knQqwn _in the art. See, for

exanpl e, pritRA%uSOYy SPRcBR pBL aPEad VYR 1SUBIENSAFSS U GBEE inposries s,

V0997 46304 r HARUAG30Br 18R YBOOKASEARe . DAY 2131 YR00LATRAGingael | as
W98/ 38228 _and W99/50318 (which are al so i ncorporated by reference

herein for WIPHH0EESVEs PRef OF| PoERtOF orlth)lavers KFenEREnprerared

fol 'owiipg t&sites MWERRmUSRE: sEXYHENHDEANSHE S$TINLIRS ITRASULEECHS MSP@N
Oxtran(r) 2/20 25 Model T, high transmssion rate tester (Macon, Inc.,
M nnea- pol¥ith gqnysasgopps HDPE a4t thew siksbubytachifiore ahdaveart 9t ugeny ng

100% oxygen;{{1Gtoraiil kpppanpl e filnms were run in dupli- cate. The theory of

the test is outlined in ASTM D3985-81
- 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.
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"Standard test Method for Oxygen Gas Transm ssion Rate 30 through plastic )
fil mand sheeting using coulonetric sensor”". Results are _reported per 25 m
thiekness (1 mil). Values were corrected to a baronetric preeRiRT%28p4101
kPa (760 nweagh/i158anpl es were conditioned for 2 h prior tedrascngs: 13 WO
01/ 15899 19 January 2004 PCT/USO0/ 24182 Test area was 100 cnR. Exam ne

tinme was 6 1. _Ni.t e gas,flaow was 2Q. 1 snl Moi st ur.e. . Vapor
Transm ssi %&%ﬁﬁe%%rg Ougﬁlng gx ejfnnea-%]tmrear‘f(arsykevrg}%‘l, N\%argrpge\?apo_r
transm ssi @assdicemwah@onl emem) 5 at 38C and 90-100% RH. Sanple fil ns

were run in duply T e of .the test is_outlined in ASTM D1249-90
"Stan- dard Testﬁoééﬁlgg &%PE%? %gn%lp%‘cfl_oﬁ ar ssmmgg%ﬁeill htGudth ap?fér-mat ic film
and sheet i ngrasd ng 3 30wkt vapbi-at ednSeSHion syBeskl (Bodse, reported per
25 4m (1 ml) thickness. Sanple 10 test area was 50 cnR. Relative Humdity
was essentiH 13P LGRS 28anfré RHs Syt ifgnd® YerepErnr B tBRYIGRtSExan ne

time was 30rHd rthebest dferper abut eidasudiidde iUhess pihes vse qighed pol ymer
density was, neasured on_ sanpl es Erepar ed according to-ASTM D1928, _ :
Procedur e G255 I8ty Matpofp dPr BatepoYarst Marmsei seiay | Ereoudamd@sal uni num

foil was uset aslihenashiced i88egt sng A dnddi Heat YRsthfB Washsckd M N at
180C, while elimnating the backup s%eets and placing the sandw ch of
materi al arfesIrG mitle E2POrterd)pehade pof (1Tefilonth)cEkdss avadmilee from E.

| . DuPont d¢ LS.& 2 ., WLmngton, DE .19898) between the two sheets '
of foi ?61 aﬂ% p ;égc:ér?gw%s_ giosgglt [y %jfe\“/\%le‘ﬁe t%lénlgfggswé?a?%%esn?uﬁ% Yden- sity
measur enentlOfds dSaerflel Wes ngnASTAMEEG05 h Beifeirtytoftimxt r weashieown fil ns

Was neasurqgm%pﬁEQGB%an%qe EEEQBtéﬁ§é¥Lture was 37.8°C.
| Unless otherwise noted polymer density was measured 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 sheets and
placing the sandwich of material and a 10 mil (250 pm) chase
of Teflon® FEP (available from E. I. DuPont de Nemours &

20 Co., Wilmington, DE 19898) 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 wmolecular weight, both determined by
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the method of ASTM D1505. 25 Melting point and heat of fusion of polyners
was neas- ured by differential scanning calorinmetry, using.values from the
2nd heat, and using a heating rate of 10C/ nin. The peak 2'19 “%Hﬁa%?loplgng
endot her m wasoogksssy as the nelting point. 12 and 110i whic
indices at different shear 30 stresses, were neasured by ASTM net hod
D1238. In the anpl e al ressures_are_gauge pressures. In_the Exanples
M is nunberge&\l%’?%gl aﬁ%?%c{?r]g‘?mmggﬁpwrwﬁwém/&% IPeiggBehbledul ar
vei ght, bot bodeker BhAeAnbYi slhel? JaNERLY,2004 W 01/ 15899 PCT/ USOQ 24182
Cel Perneation Chronatography, PDis MV M1, Tmis nelting point, and AHf
is heat of fusion. Exanple | 5 (I111)Esampbe Jrade, for exanple, by
procedures described in previously incerporated US5955555 and W99/ 12981.
Inside a nitrogen purged drybox, (I (28.0 ng, purified by re- '
crystallization from CH2Cl2/ pent ané pl aced i n anhydrous toluene (-10
m) and MVAO- 12 (1.2 g, Akzo- Nobel 2.¥5 Wt % 10 nodified (contains sone
i sobutyl groups) MAO in tol uene) s “added. The resulting orange solution
was shaken for I min. and then. dré&eed silica (1.9 g, G ace-Davison 948
spheri- cal silica) was added an " m&ture shaken for 1 h. The orange
solid was filtered fromthe clear ron, washed 15 well w th anhydrous
toluene and finally with anhydrousT \ tane and dried under vacuum
| nduct'i vely Coupl ed Plasma analysis Thdicated: Al = 6.7% Fe = 0.12% In a
dry box, small stainless cylinders (25 to 40 &LIIlol une) were charged with
supported (I1) (150 ny total - ’

5 (ITI) "can be made, for example, by procedures described

in previously incorporated US5955555 and W059/12981. Inside
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. Induétively 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
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20 wei ght including support) and a solution of trii sobutyl alu- mnum (5 nL
of."a 1 Msolution in hexane, Aldrich). The cyl- inders e conn(éﬁégd to -
t he autocl ave reactor ports under nitrogen purge of the Hﬁ@‘(ﬁry
Cyli nder presswidggation |ines were al so connected under Q965002282
| sobut ane (1200 g, Matheson C P_ grade) was transferred into a cooled
aut ocl ave 3Q00) b% pressur dlffﬁrence Once the transfer was conpl et ed,

¢

t he aut ocl ﬁ?@l(‘ﬁﬁf I %1v%a]15 JHAu¥RT 5884t 0171E8RPPETIRTY 24182

Engi neers, 1bogakpfe3. 8The )soBeedicaiaed shouz@Eeandi 6hi hy@cbgdn kPAGd pm The
sol vent was saturated with h{ldrogen to the designated H2 pressure. After

sat ur at i on,SSHETPEGEt Br RRESSUREat RECED BVCIERT Fteddl TRAEFTRITL HaSet hyl ene

to 1.72 MPaesbeliNgot 8bSalnH YredsuiiRum GOt £ORyY8se Pushed;d ey t he reac-
tor with ethylene fo]lowed by the catal yst al so pushed with ethylene. The

final react ﬁFé%§8]P‘ét369as‘312‘“2f‘11‘1|§}13§°&ﬁ81Pﬁe"’a§tH?F}é‘f’n‘é IR v TSt ched

fromthe feed wesBebEnyDedd & 1¢RIedP B4t thl EBEaBYLECABYS pldifad QAGH ON Was
run for nore than 2 10 h or until the weight loss in the ‘ethyl ene cylinder

was equal SEYAFBroxi Hat etyraogegetar PH@SEHHeoWaﬁ he- b NFrerandhths on, the
react or wasrtpiead sbewdyad oudhea Qerp%leoﬂeedf%éé’é@Q fY hdlidilgen

purge prior to gpenjng of the reac- tor. e polynmer was dried overnight..

Two pol yneP&&npleshe saerd §3eepa s a'FaGFFPErEﬂ’é el bgermgredhaeg, and .

their a¢ mRde DHOPETtAESvhdivRR B8l eWe ERnPi&ssUésr DBfsr TRAH
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.

16



Ex. (kPa) 12110110/ 12MhMWDcity cJ/g 9/ ML

16401. 0015. 515. 51033012826712. 40. 9641134. 9242 26901. 5322. %5?5451%%@8311. 5
Exanpl es 3-4 and Conparative Exanples A-B The powder pol yner-&Hay anpl es
1 and 2 wer gycaakgo20 powder bl ended with 500 ppm of | rganogétaisebB4fe2 and- 500
ppmof Irgafos(r) 168 anti oxidants (made by G ba-CGeigy Corp.). Alathon(D
7820 high density polyethyl ene was obltgi ned from Equi star Chem cals, L.P.,
Houston, TX 77252 U. S.A ). Sclair(r) i gh density pol yet hyl ene was

obtained from 25 Neva—Ghemeals—Corp—{(Lalg ; AB—Gemad%_I?P 5C6), and
i's believed to havd beeBor¥BETi n s¢ I{RWEYusl n§2a 7yl eto/fal t a- t ype
catal yst. Propertig - bel bw.in fa- ble 1. 16
1 9 January 2004 WP 01/15899 PCTL 1500124182 Tahlel1 Pol ynerDensity,
12110110/ 12 g/mL  HEx  10E%912 591417 -Ex. 21|882A1 893189p 14 &t hon(r)

78200. 95630. 448. 0318..4 SEKai 2(r) 19C0. 95230. b¥8885B4 189 Edch 2ol yner was

bl own into nom nal ljyAExhoA{® midlo 0.9563 10.44| 8.03 | 18.4 :

Sclair® 15C 0.5523 0.97{ 8.85 | 9.13

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 Killion blown film 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, 2.1
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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thick filmJ[actual thicknesses 44.5-50.8 m(1.75-2.00 ml)] 5 using a 2.54
cm(1") dianeter Killion blown filmdie fed froma 1.9 cm (3/4") dianeter
Killion 30/1 L/D extruder fit- ted with a 3/1 conpression al
purpose screw, 0.46 cm (0.18") deep at the feed end, and1?§%b§ﬁggagé

heat. The die gap was 0.11 cm (0.045"). The rear zone of the ex 10 truder
was at 172-184C. Al other barrel and die tenpera- tures were 220-240C. The
extruder‘screW/speed mas 100 rpm  ForChHAIMT i | mdie, blowup ratio was
3.5:1, and haul g was 305-335 cmmn (10-11 ft./mn) The frost
line was kept at %Fcn1(5 0-5.5 inches) above the 15 die, by
adj ust ment of tha.bIampackagedmadkdmnmtaemubtil&&&rzﬁhamﬁderffihs are given
in Table 2. Tahle 2 EX,

Densi t y02/ 16%5?’1?1;?/ PF S OBRED) %/nﬂ_a(yr?rmgf"né R3gL SenSLEY |/ et s/ 25m)

AAl at hon(sr) ﬁc&mh%%e& Ehaiﬁﬂtéﬁ,z%a m PHat 18] HiR0Pensity 2, 7)
BSclair(r) 19C0.947178. 3, 184 ¥é1426 147 2 9, .2. é%

10. 955142, 4 Pogygthylsne gsogb Ei Wl&’@ &plzing et enfo 858192,

116.80. 19, QrdkentliBs QBﬂMQm&n%cQ)onlzaiah}@@mmpoa@% GhAtNE V\hat i's
claimed is; 1. A package nmade froma nulti eXer sheet or f||g1t ontalnlng

at | east onéxW§¥é§e§fa§ RFOR eferfghalt comp compound o

-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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5 pol yethyl ene, characterized in that said high density polyethylene is
obt ai ned by polynerizing ethylene in the presence of a polynerization
cat al yst component which conprises an iron or cobalt co npound
of -the formula (1) 10 (1) wherein: R . R2, R3, R4 and %bgé‘é‘?ﬁfé&gﬂ@

i ndependently sel ected fromthe group consisting of hydrogen, a
hydrocarbyl, an inert functional group and a substituted hydrocarbyl; and
15 R6 and R7 are =agh ri;gdapeﬂdﬁgé oo eempdidimmd dghr depsicpnsi sting of
aryl and substituted aryl. 2. The package as recited in.claim1,

char act er i zezpiypthanes arhapackergeads g f'ﬁ@il%"’?’é g’égk‘aaﬁns’zf)YS ‘The
package as n&p 1§&@1¥1%n@:| akMybea iy 36t ebllgRerifing Rahyiahd packege is a
rigid package ackage as, recited I n_any one of cIaLthl-S, 25

char act er i zerresenaearrisai Botyrptisatieon gagalyst component whic ,

di acetyl yrlgtﬂﬁﬂ (2444 r }d idogiouaCHE ofhele. 18 19
January 9004 S%%g%g %?8%é%gﬁ%gﬁfkﬁgﬁg§%§?kg§a hFQ% density

pol yet hyl enefomshvdidadtléri zed in that said high den5|ty pol yethylene is
obt ai ned by pol yneri zi ng ethylene in the presence of a polynerization
catal yst conmponent which 5 conprlses a |rgﬁ or' cobalt conplex of a
conpound of the fornula (I) wher X R3, R and R3 are each

i ndependently sel ected

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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10 fromthe group consisting of hydrogen, a hydrocarbyl, an inert
functional group and a substituted hydrocarbyl; and R6 and R are each

i ndependently selected fromthe group consisting of aryl1gqﬁn§¥§§bbauted
aryl. 15 6. The rigid storage tank as recited in claimb5, “characterrzed in
that said conplex is [2, 6-

di acetyl pyridi nebis((2,4,6-trinethyl)phenylimne) Jiron dichloride. 20 7. A
process for makingcp PEKARE saG@TPatRadE fidven SeeASmubEildyer Eteg®dxzi ng
ethylene in the presence of a polynerization catalyst conponent to forma
hi gh density£ipBi yet hyl ene, 25 (b) forming a nultilayer sheet or film
wherein at |east .phgOfetited IKCERAE OB TR yiaird 2Bt 0bn dansilyst ,

pol yet hyl ene; and 19 19 January 2004 (c) form_ ng said package fromsaid

nul tilayer shemPoRent {GINATiSKSr 48t EFPB RF iGPRARAL COBPYEP P Y rfeGORRAUGH
cat al yst ¢ cogpo t s GQPId ses an iron or cobalt conplex of a conpound 5 of
the formul a gEe?%?nf W?,d Rz, R3, R4 and Rs are each independently sel ected
fromthe group consisting of hydrogen,whydrogarbyl, an inert 10 functional
group or substituted hydrocarbyl; gand and R7 are aryl or substituted
aryl. 8. The process as recited i mcl ai N characterized in that said
package is a flexible package. 15. he process as recited in claim1l,
characterized in

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



that said package is a rigid package. 10. The process as recited in any one
of ‘clains 7-9, 20 characterized in that said conplex is [2 5

di acetyl pyridinebis((2,4,6-trimethyl)-phenylimne}]iron gﬂ §6§4.11. A
process for making a rigid storage tank, 25 conprising the s Ey (a)
pol yneri zing ethylene in the presence of a polynerization catalyst
conponent to fornlhlgh denS|ty 20 19 January 2004 pol yethyl ene, the

pol yreri zat i i r al t - conpl ex of
a conpound O%Qg&%& 8 %@?Q&ﬁ gfg?%Pibﬁ éﬁk%%?ét QBmBBalEI?Qare each

i ndependent I po&eﬂr&suad aﬁrmmn e qobaptconmplex mf & cRpRPERdrot MR ocar byl |
an inert |03§I group or substituted hydrocarbyl; and R6 and R are
aryl or substlt aryl; 10 (b) form ng said high density pol yet hyl ene
into said rigid storage tank. 12. Thegmprocess as recited in claim11,
characterized in that said conplex is {2, 5-Adi acetyl pyridinebis{(2,4,6 15
trimethyl)-phenylimne}liron dichlaqri N A process for lowering the

wat er vapor and/or oxygen transmi ss ates of an HPDE- cont ai ni ng package
manuf actured at |least in part wth st HDPE, conprising 20 the step of
repl aci ng, during the manufact ¥ package, at |east a portion of
the first HDPE with a second HDPE ned by pol ynerizing ethylene in the
presence of a polynerization catal onqgnent whi.ch conprises an iron or

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 proceés as recited in claim 11, characterized
in that said complex is [2,6-diacetylpyridinebis{(2,4,6-
‘15  trimethyl)-phenylimine}lircon 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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cobalt conplex of a conpound of the formula (1) 21 19 January 2004 (1)
whérein: Rl, R2, R3, R and R5 are each independently selected fromthe
group consisting of hydrogen, a hydrocarbyl, an 5 inert clion roup
and a substituted hydrocarbyl; and R6 and R7 are each"indggg%@%ﬁ¥?9og
selected fromthe group consisting of aryl and substituted aryl. 14. The
process as recited in claim13, characterized 10°'in that said package is
manuf actured fromone or nore |ayers of* said,first HDPE, and that, during
the manufacture of said package, at |&ast portion of at |east one of the
| ayers of said first HDPE is repfaced a |layer of said second HDPE.
15 15 The process as recited in a oge of clains 13-14, <characterized in
that said conplex is (2, 6-

di acetyl pyridi nebis{(2,4,6-tri

I)pp nylihine}]iron di chl oride. 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





