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rel ativela srailthe aooumbldythereby dormming ecclosed seapht The ddve end of the
shaped article is then cut off and trimmed, and a hollow shaped article
results. This method is particularly useful for producing large hollow
articles, since the pressures required are low.
in the formation and working of the parison, it is preferred that the
25 molten thermoplastic has certain viscoelastic properties. For formation of
the parison by extrusion, it is preferred that the thermoplastic not have too
high a melt viscosity at relatively high shear rates. This limits the amount
of very high molecular weight polymer present; otherwise, the extrusion
step may be too difficult. On the other hand, one prefers that the low
30 shear viscosity (sometimes also called the melt strength) of the polymer be
high to avoid “sag.” During and after parison formation, the parison is
usually suspended for a short period from the extrusion die, and one does
not want the parison to flow or deform significantly (*sag”) before the
actual molding step. High melt strength is often imparted by high
35 molecular weight polymer. Therefore, polymers useful for blow molding
often have a relatively small amount of a high molecular weight fraction
present to impart good melt strength without making the high shear
viscosity too high.
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b.) a minor portion of a second iron complex of a bisimine of 2,6-

20 diacylpyridine or a bisimine of a 2,6-pyridinedicarboxaldehyde,
wherein under polymerization conditions the second iron
complex produces a second polyolefin which has a higher
weight average molecular weight than a first polyolefin produced
by the first iron complex.

25 The invention also provides a process for the polymerization of
olefins using an iron complex of a bisimine of 2,6-diacylpyridine or a
bisimine of a 2,6-pyridinedicarboxaldehyde as part of a polymerization
catalyst system, wherein the improvement comprises, using as part of the
polymerization catalyst system:

30 a.) a major portion of a first iron complex of a bisimine of 2,6-
diacylpyridine or a bisimine of a 2,6-pyridinedicarboxaldehyde;
and

b.) a minor portion of a second iron complex of a bisimine of 2,6-
diacylpyridine or a bisimine of a 2,6-pyridinedicarboxaldehyde,

35 wherein under polymerization conditions the second iron
complex produces a second polyolefin which has a higher
weight average molecular weight than a first polyolefin produced
by the first iron complex.



35 wherein under polynerization conditions the second iron conpl ex produces
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c.) blow molding the molten mixture of polyolefins.

DETAILS OF THE INVENTION
Herein certain terms are used and some of them are defined below.

20 By a “major portion” of an iron complex herein is meant that iron
complex is greater than 50 mole percent of the total of all such iron
complexes present in the polymerization catalyst system.

By a “minor portion” of an iron complex herein is meant that iron
complex is less than 50 mole percent of the total of all such iron

25  complexes present in the polymerization catalyst system.

By a “polymer” herein is meant a polymeric material having an
average degree of polymerization of at least about 50, preferably at least
about 100, and more preferably about 200. By “average degree of
polymerization” is meant the number of monomer (olefin) repeat units in

30 the average polymer chain. A polymerization catalyst herein makes a
polymer.

A “hydrocarbyl group” is a univalent group containing only carbon
and hydrogen. If not otherwise stated, it is preferred that hydrocarbyl
groups (and alkyl groups) herein contain 1 to about 30 carbon atoms.

35 By “substituted hydrocarbyl” herein is meant a hydrocarbyl group
that contains one or more substituent groups which do not substantially
detrimentally interfere with the polymerization process or operation of the
polymerization catalyst system. If not otherwise stated, it is preferred that
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ring, the fr Sfalence is to the carbon atom of an aromatic ring. An aryl may have one
or more aromatic rings that may be fused, or connected by single bonds or
by other groups.

By “substituted aryl” is meant a monovalent aromatic group

25 substituted as set forth in the above definition of “substituted hydrocarbyl”.
Similar to an aryl, a substituted aryl may have one or more aromatic rings
which may be fused, or connected by single bonds or by other groups.
However, when the substituted aryl has a heteroaromatic ring, the free
valence in the substituted aryl group can be to a heteroatom (such as

30  nitrogen) of the heteroaromatic ring instead of a carbon.

The polyolefins used herein are made by polymerizing one or more
olefins using as part of the polymerization catalyst system two or more iron
complexes of a 2,6-diacylpyridine or a diimine of a 2,6-
pyridinedicarboxaldehyde. These iron complexes and their use as

35  polymerization catalysts are described, for example, in US 5955555 and
WO 99/12981, or in WO 99/50273 (corresponding to United States Patent
Application Serial No. 09/277910, filed 29 March 1999) and WO 00/08034

(also incorporated by reference herein for all purposes as if fully set forth).
4
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conditions, such as the temperature and/or the pressures previously

described, may be used. Other ingredients, e.g., chain transfer agents

such as hydrogen, may be used and/or be present.

In one form, a “2,6-pyridinedicarboxaldehydebisimine or a 2,6-
25 diacylpyridinebisimine” is a compound of formula (1)

wherein: R1, R2, R3, R4 and RS are each independently hydrogen,
30 hydrocarbyl, substituted hydrocarbyl, or an inert functional group; and R®
and R7 are aryl, substituted aryl, or a functional group.

5



RARE NRz " 4N R5 (I) wherein: Rl, R2, R3, R4 and R5 are each

I ndependent|y hydrogen, 30 hydrocarbyl, substituted hydrocarbyl, or an

i nert furwbioansdsigroup; and R6 and R7 are aryl, substituted/moybo2eor a
functional group. 5 WO 03/059511 PCT/US03/00328 Typically in the iron
conpl exes of the 2, 6-pyridi nedi carboxal dehyde- bisimnes or the
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functional group. The substitution on the ortho positions of the phenyl

rings, nanely R8, R12, R13 and R17, is particularly inportant in

determ ning the steric crowding [ atom This is inportant in
steric crowmding is one way of

controlling the nol ecul ar wei ght (ungg 20 given set of polynerization

sterically crowded the iron at omR'S] 6 kfer t he nol ecul ar wei ght,
i ncludi ng the wei ght average nol ecul ar |wei ght, of the pol yol efin produced.
See, for instance, B.L. Small, et al., B° (I

and R7 may be a phenyl ring of formula (lll)
10

R17 R13

R (i)

wherein R8, R9, R10, R11 R12 R13 R14 R15 R16, and R17 are each
independently hydrogen, hydrocarbyl, substituted hydrocarbyl or a
15 functional group. The substitution on the ortho positions of the phenyl
rings, namely R8, R12, R13 and R17, is particularly important in
determining the steric crowding about the iron atom.
This is important in the present case since the amount of such
steric crowding is one way of controlling the molecular weight (under a
20  given set of polymerization conditions) of the polyolefin produced.
Generally speaking the more sterically crowded the iron atom is, the
higher the molecular weight, including the weight average molecular
weight, of the polyolefin produced. See, for instance, B.L. Small, et al., J.
Am. Chem. Soc., 120, 4049-4050 (1998) and A.M.A. Bennett, Chemtech,
25 29(7), 24-28 (1999), both of which are hereby included by reference.
Particularly important in determining the steric crowding about the iron
atom in the complexes when (lI) and (lll) are present are the 4 o-aryl
positions, R8, R12, R13, and R17. In particular, the larger these groups
are, the more sterically crowded the iron atom is. In an ethylene

6
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Ceneral ly speggﬁb@gts \}v{)uldsthgﬁlb' o‘?ﬂpér@%t only a relatively small anopunt
In the polymerization process (and consequently in the polymeric
products) ethylene is a preferred olefinic monomer. Copolymerization of
ethylene with «-olefins such as 1-butene, 1-pentene, 1-hexene, 1-octene
25  etc. are also preferred, especially when ethylene-derived repeat units are
at least about 80 mole percent, more preferably at least about 90 mole
percent of the repeat units in the polyolefin product. Homopolymers of
ethylene are especially preferred.
Generally speaking, it is believed that only a relatively small amount
30 of the polymer derived from the second catalyst should be in the polymer
product of the process. The exact relative amounts will depend on the
relative amounts of the first and second polymerization catalysts present
and on their relative polymerization rates. Preferably, the first
polymerization catalyst will be at least about 75 mole percent, more
35 preferably at least about 80 mole percent of the total of the iron complexes
present. Preferably the first polymerization catalyst will also be no more
than about 95 mole percent, more preferably no more than about 90 mole
percent of the total of the first and second polymerization catalysts
7
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second pol“%/nep'l");dé’@ﬁ@rbyéa?&eﬁ@ﬂd|p§|)5WlKat@ntQ@t%iM§iu5 abpgt %D@Ib@ubercent of
the pol yner ppg ﬁ@?&@nﬂ%fqﬁ@rp@nwera&@ahcﬁnﬁ&e ;ﬁ*@fé‘r‘ébl?(é%%tg% percent of

I duc til I 'ar but
2ﬁe%/1rr§;| F;O 3?‘%"?‘& Yvemﬁggqlrégﬁ B’@%ﬁ%ﬁg &S}%t'tjsl i IsZIpQ?t i \(,:\ﬁl er Imy usef 3I f or
produci ng 15 pol ynﬁhlsmc&ytderlmtwmgrcﬁebs Oaﬁlzm@t\ﬂoalrﬁiﬁarvmjt@ihbmatyrl buti on,
ol efa i gRplertmeriaBnthe GRfaEis Kby bl 88kl KA ollhBRI Ty omi 1 ar
pol ymeri z&k i onOI(ym%Ib&@ldsrmm atbraad wledilaf weight distrilestiof, apdt al ysts (for
exanpl e, an i {)&@ICEF i i’ézr@rﬁéleéﬁlgr %e@& éfc%ﬁraﬁoﬁw)éﬂﬁleg &aﬁé&gxl er 20

Natta-type cal al yst ation _cond meri zation
catal ysts preBigher B’K&e%'bw@'@@t tail' e ByHeing Ao @Bﬁﬂ‘éﬁ"b/@@“"@ror i nstance, if

one wi shes t opolgmehiydfioneatdiyat raiher thar wamérérﬂ tHosy 60¢atBRsKRer Mol ecul ar
wei ght, the |ront i dent at e ca S ? rall ecwre chE hi gher
hydr ogen conc@l‘ﬂmg{e’ gRraridER ag@éa%@ ‘%%'[9 gpevﬁéP%ﬁ’f ction 25
than either niatbityoenatatyst)ipetinesridddivhaonditimngfostheTe pollyeeraioroduct of
the pol ymeri zatdRaid5RGEHEad mbith 8abi)YS3tdH¥Y and controlled. For instance, if
one wishes to use hydrogen for chain transfer to control polymer molecular
weight, the iron tridentate catalysts generally require much higher
hydrogen concentrations to achieve a given molecular weight reduction
25 than either metallocene or Ziegler-Natta catalysts.
The polymer product of the polymerization process of this invention
is particularly useful in all types of blow molding, and is particularly suited
for extrusion blow molding. Blow molding is a well-known melt-forming
process. See, for instance, H. Mark, et al., Ed., Encyclopedia of Polymer
30  Science and Engineering, 2nd Ed., Vol. 2, John Wiley & Sons, New York,
1985, p. 447-478, and N. C. Lee, Understanding Blow Molding, Hanser
Publishers, Munich, 2000, both of which are hereby included by reference.
The polymer product of the polymerization process of this invention has a
broad molecular weight distribution, and a relatively large amount of lower
35 molecular weight polymer and a relatively small amount of higher
molecular weight polymer. This is a combination which has the desirable
viscoelastic properties described above for blow molding.
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Encycl opedi a of Polyner 30 Sci ence and Engi neering, 2nd Ed., Vol. 2, John
Wley & Sons, New York, 1985, p. 447-478, and N. C. Lee, Understandi ng
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i ncl uded by r e polymer product of the polynerization process
of this i nvenWh%&F%(ggm&eJ road nol ecul ar wei ght distribution, and a
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clainmed is: 1. A pol wymgrization catalyst conprising: a.) a major portion of
a first iron conplex of.a bisimn Lne. or i simne of
2 2L 6o pyr 1 di nedi b badITRERPIEN O6a doadid iSncABPBER ? BiTBIneot2Bond | f on
conpl ex gf adbi Si 81 nd:aﬂyl@zrmneioaajoﬁquy\medomZgﬁ-pysndmedltrarm;xafdazé/de ]
2, 6- pyridi nedi car box e nditions the
second iron 10 conpl gﬁ‘degg%‘gﬁ%d%%ws@%%gm‘fym e gﬁh%%%hﬂﬁé@ﬂa hi gher

wei ght aver age nol ec@bmplmepmducehamsezcomdrmlyqiefwwrmh hawadthhﬁd by the
first iron complex. @ﬁmsgép{cgécdag ;qh R & Bt oiRlief Blddugedsi N an

i ron conpl ex of 15a simne”o pyrldlne m ne of a
2, 6- pyri di nedi car box yéhaéurﬁd@rh%orpaue% of a polyneri zatl on cat al yst system
wherein the i rrprovenent conprises, using as part of the poI yneri zation

t al t i f
of 2.6 20 di oyl pyli AN M gt Slefbs st L EPL Sortet oy .
and b.) aism n@bigioirta of2,6fdiacdpyratice or arbisionined eka &, 6-pyhdisedicaebad- 2, 6-

di acyl pyri di ngogh, & B S 4 Bt BngN LS, carbaupldpiyge.  wherein

under pol yner] e secon roduces a
second pol yol isipravedmieohcormpriaesiuging as part of the polymerlzatlon catalyst

system:
a.) a major portion of a first iron complex of a bisimine of 2,6~
20 diacylpyridine or a bisimine of a 2,6-pyridinedicarboxaldehyde;
and
b.) a minor portion of a second iron complex of a bisimine of 2,6-
diacylpyridine or a bisimine of a 2,6-pyridinedicarboxaldehyde,
wherein under polymerization conditions the second iron
25 complex produces a second polyolefin which has a higher
weight average molecular weight than a first polyolefin produced
by the first iron complex.

3. The process as recited in Claim 2 wherein said olefin comprises
30 ethylene.

4. The process as recited in Claim 2 wherein said olefin is ethylene.

5. The product of the process of Claim 2.

35
6. A process for blow molding a mixture of polyolefins to form a hollow
shaped article, comprising:
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2, 6- pyri dPnedi car boxal dﬁacﬁl@ﬂ m‘%\ﬁ%?@‘ﬂ"\ﬂ?d@f‘aéoé%w f‘? ‘P?Bt?f’)@‘o)d?dl tions
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10 produced by said first iron complex;

b.) melting said mixture of polyolefins to form a molten mixture of
polyolefins; and

15 ¢.) blow molding the molten mixture of polyolefins.
7. The process as recited in Claim 6 wherein said polyolefin is a
polyethylene.

20 8. The process as recited in Claim 6 wherein said polyolefin is a
homopolyethylene.
9. The process as recited in Claim 6 wherein said process is an

extrusion blow molding process.
25
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