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(54) Title: POLYMERISATION CATALYSTS

(87) Abstract

(8)

Catalyst systems useful for the polymerisation of I-clefins are disclosed, which contain nitrogen—containing transition metal
compounds comprising the skeletal unit depicted in Formula (B), wherein M is Fe[HT], Fe[Il], Ru[il], Ru[1lY] or RufIV]; X Tepresents
an atom or group covalently or ionically bonded to the transition metal M; T is the oxidation state of the transition metal M and b is
the valency of the atom or group X; R!, R2, R3, R% and R are independently selected from hydrogen, halogen, hydrocarbyl, substituted
hydrocarbyl, heterohydrocarbyl or substituted heterohydrocarbyl; R and R7 are independently selected from hydregen, halogen, hydrocarbyl,
substitwed hydrocarbyl, heterohydrocarbyl or substituted heterohydrocarbyl.




tr sees ssense

10

15

20

25

30

35

POLYMERISATION PROCESSES

The present invention relates to the use of
transition metal-based polymerisation catalysts in the
polymerisation and copolymerisation of l-olefins.

The use of certain transition metal compounds to
polymerise l-olefins, for example, ethylene, is well
established in the prior art. The use of Ziegler-Natta
catalysts, for example, those catalysts produced by
activating titanium halides with organometallic compounds
such as triethylaluminium, is fundamental to many
commercial processes for manufacturing polyelefins. Over
the last twenty or thirty years, advances in the
technology have led to the development of Ziegler-Natta
catalysts which have such high activities that olefin
polymers and copolymers containing very low concentrations
of residual catalyst can be produced directly in
commercial polymerisation processes. The guantities of
residual catalyst remaining in the produced polymer are so

small as to render unnecessary their separation and

removal for most commercial applications. Such processes

can be operated by polymerising the monomers in the gas
phase, or in sclution or in suspension in a liquid
hydrocarbon diluent. Polymerisation of the monomers can be
carried out in the gas phase (the “gas phase process”],
for example by fluidising under polymerisation conditions
a bed comprising the target peolyolefin powder and
particles of the desired catalyst using a fluidising gas
stream comprising the gaseous monomer. In the so-called
“solution process” thef(co)polymerisation is conducted by
introducing the monomer into a solution or suspension of
the catalyst in a liguid hydrocarbon diluent under
conditions of temperature and pressure such that the
produced polyolefin forms as a solution in the hydrocarbon
diluent. In the Aslurry process” the temperature, pressure
and choice of diluent are such that the produced polymer
forms as a suspension in the liquid hydrocarkon diluent.

These processes are generally operated at relatively low

\VBRISINhomeSy Isabe1H\Spee1 v J72RR due 1070902
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pressure (for example 10-50 bar) and low temperature (for
example 50 to 150°C).

Commodity polyethylenes are commercially produced
in a variety of different types and grades.

5 Homopolymerisation of ethylene with transition metal based
catalysts leads to the production of so-called “high
density” grades of polyethylene. These polymers have
relatively high stiffness and are useful for making
articles where inherent rigidity is required.

10 Copolymerisation of ethylene with higher l-olefins (eg.
butene, hexene or octene) is employed commercially to
provide a wide variety of copolymers differing in density
and in other important physical properties. Particularly
important copolymers made by copolymerising ethylene with

15  higher l-olefins using transition metal based catalysts
are the copolymers having a density in the range of 0.51

to 0.93. These copolymefs which are generally referred to

in the art as “linear low density polyethylene” are in
many respects similar to the so called “low density”

20 polyethylene produced by the high pressure free radical
catalysed polymerisation of ethylene. Such polymers and
copolymers are used extensively in the manufacture of
flexible klown film.

In recent years the use of certain metallocene

25 catalysts (for example biscyclopentadienylzirconiumdi-

chloride activated with alumoxane) has provided catalysts
with potentially high activity. However, metallocene
catalysts of this type suffer from a number of
disadvantages, for exam;le, high sensitivity to impurities

30  when used with commercially available monomers, diluents
and process gas streams, the need to use large guantities
of expensive alumoxanes to achieve high activity, and
difficulties in putting the catalyst on to a suitable
support. r

35 Patent Application WQ98/27124 published on 25
June 1998 discloses that ethylene may be polymerised by

contacting it with certain iron or cobalt complexes of

YABRISL\home$\Isabe IH Spec 1137235 doc 26/04/02
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selected 2,6-pyridinecarboxaldehydebis(imines) and 2,6-
diacylpyridinebis{imines} .

At least preferred embodiments of the present
invention provide improved processes for the
polymerisation of olefins, especially of ethylene alone or
the copolymerisation of ethylene with higher l-olefins to
provide homopolymers and copolymers having controllable
molecular weights. For example, using processes of the
present invention there can be made a wide variety of
polyolefins such as, for example, liquid polyolefins,
oligomers, resinous or tacky polyolefins, solid
polyolefins suitable for making flexible film and solid
polyolefins having high stiffness.

In a first aspect, the present invention provides
a process for the polymerisation of l-olefins to produce a
polymer, the process including the steps of:

(a) contactiﬁg monomer under polymerisation
conditions with a polymerisation catalyst, and

{b) adding hydrogen gas to control the average

molecular weight of the polymer,

wherein the polymerisation catalyst includes:
component (A) - a nitrogen-containing transition

metal compound of Formula B:

Formula B

wherein M{T]| is Fe[Il], Fe[III], Co[I]l, ColIIl],
Co[III], RulIT], Ru{III], Ru[IV], Mn[I], Mn[IT], Mn[IIT]
or Mn[IV}; X represents an atom or group covalently or
ionically bonded te the transition metal M; T is the

oxidation state of the transition metal M; b 1s the

Koy [sabelHySpeciy 17283 doc 330902
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valency of the atom or group X: r', rR?, R*, R*, and R® are
independently selected from hydrogen, halogen,
hydrocarbyl, substituted hydrocarbyl. heterchydrocarbyl or
substituted heterohydrocarbyl and such that (1):

when M is Fe, Co or Ru, R® and R’ are
independently selected from hydregen, halogen,
hydrocarbyl, substituted hydrocarbyl, heterchydrocarbyl or
substituted heterohydrocarbyl; and when any two or more of
R
heterochydrocarbyl or substituted heterchydrocarbyl, said

! _ R’ are hydrocarbyl, substituted hydrocarbyl,

two or more can be linked to form one or more cyclic
substituents,

or such that (2}:

when M is Fe, Co, Mn or Ru, then R’ is
represented by the group “P” and R’ is represented by the

group “Q” as follows:

Ru R n . . Rn
Rm @ RM R’ 1 @ Rn
RI 1 RIS RH

wherein R to R?® are independently selected from
hydrogen, halogen, hydrocarbyl, substituted hydrocarbyl,
heterchydrocarbyl or substituted heterohydrocarbyl; when
any two or more of R! to R*, R® and R to R* are
hydrocarbyl, substituted hydrocarbyl, heterchydrocarbyl or
substituted heterohydrcéarbyl, said two or more can be
linked to form one or more cyclic substituents; with the
proviso that at least one of R!, R¥, R" and R” is
hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl or
substituted heterohydrocarbyl when neither of the ring
systems P and Q forms part of a polyaromatic fused-ring
system,

or such that (3}

when M is Fe, Co, Mn or Ru, then R’ is a group

\BRISIyhomes\[sabelHySpeciy 17233 doc 26:09:02
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having the formula -NR*’R*° and R’ is a group having the
formula

-NR}R*?, wherein R?® to R¥

are independently selected from
hydrogen, halogen, hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyl or substituted heterohydrocarbyl; when
any two or more of R* to R', R® and R* to R are
hydrocarbyl, substituted hydrocarbyl, heterschydrocarbyl or
substituted heterohydrocarbyl, said two or more can be
linked to form one or more cyclic substituents; and

" component (B) - an activating guantity of an
activator compound selected from organoaluminium compounds
and hydrocarbylboron compounds.

In a second aspect, the present invention
provides a process for the polymerisation of l-olefins to
produce a polymer, the process including contacting
monomer under gas phase polymerisation conditions with a
polymerisation catalyst as defined in the process
according to the first aspect of the present invention.

In a third aspect, the present invention provides

a process for the copolymerisation of l-olefins to produce
‘a copolymer, the process including contacting monomers

under polymerisation conditions with a polymerisation
catalyst as defined in the process according to the first
aspect of the present invention.

Component (A} of the polymerisation catalyst may
be a nitrogen-coentaining transition metal compound of

Formula 7 R r”

f
—N R
RIS R“

Formula Z

H:visabelH\Speci 37288 dos 30, 09,832



wherein M is Fe[ll}, Fe[II], Co[I], Co[lL], Co{III], Mn[I}, Mn[IL}, Mn[{II],
Mn[IV], Ru[ll], RufIIl] orRu[lV]; X repeesents an atom or group covalently or
ionically bonded to the transition metal M; T is the oxidation state of the transition
metal M and b is the valency of the atom or group X; R' to R*, R® and R"® to R®
are independently selected from hydrogen, halogen, hydrocarbyl, substituted
hydrocarbyl, heterohydrocarbyl or substituted heterohydrocarbyl; whea any two or
more of R? to R* R® and R¥ to R are hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyl or substituted heterohydrocarbyl, said two or more can be
linked to form one or more cyclic substituents; with the proviso that at least one of
R", R* R and R™ is hydrocarbyl, substituted hydrocarbyi, heterohydrocarbyl or
substituted heterohydracarbyl when neither of the ring systems P and Q forms part
of a polyaromatic fused-ring sysfem. In this particular aspect of the present
invention, in the case that neithér of the ring systems P and Q forms part of a
polyaromatic ring system, it is preferred that at least one of R and R, and at
least one of R and R is selected from hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyl or substituted heterohydrocarbyl. In one embodiment of the

.., present invention, R', R, R¥ and R® are hydrocarbyl, substituted hydrocarbyl,
REE * heterohydrocarbyl or substituted heterohydrocarby! when neither of the ring
Tetet systems P and Q forms part of a polyaromatic fused-ring system.

Subject to the foregoing provisos regarding R', R, R” and RZ in
Formula Z, R' to R, R and R" to R* in the compounds depicted in Formulae B
and Z of the present invention are preferably independently selected from hydrogen
and C; to Cq hydrocarbyl, for example, methy!, ethyl, n-propyl, n-butyl, n-hexyl,
and n-octyl. In Formuta B, R® and R are preferably independently selected from
substituted or unsubstituted alicyclic, heterocyclic or aromatic groups, for example,
phenyl, 1-naphthyl, 2-naphthyl, 2-methylphenyl, 2-ethyiphenyl,
2,6-diisopropylphenyl, 2,3-diisopropylphenyl, 2,4-diisopropylphenyl, 2,6-di-n-
butylphenyl, 2,6-dimethylphenyl, 2,3-dimethylphenyl, 2,4-dimethylphenyl, 2-t-
butylphenyl, 2,6-diphenylphenyl, 2,4,6-trimethylphenyl, 2,6-
trifluoromethylphenyl, 4—bromo-2‘6;dimethylphenyl, 3,5 dichloro2,6-diethylphenyl,

and 2,6 bis(2,6-dimethylphenyl)phenyl, cyclohexyl and pyridinyl,

The ring systems F and Q in Formula Z are preferably independently 2,6-
hydrocarbylphenyl or fused-ring polyaromatic, for example, 1-naphthyl, 2-naphthyl,
1-phenanthrenyl and 8-quinolinyl.

2 BRIS1homeSyIsabe 1K Spaciy 23R4 e 26:07,02
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Component (A) of the polymerisation catalyst may
be a nitrogen-containing transition metal compound of

Formula T

).X

Formula T

wherein M is Fe[II), Fe[lII], Co[I}, Co[lI], Co[lIl], Mn[{], Mn{II], Mn[III],
Mn[IV]. RuII], RufIII] or Ru[lV]. X represents an atom or group covalently or
ionically bonded to the transition'metal M: T is the oxidation state of the transition
metal M and b is the valency of the atom or group X; R to R*. R® and R® to R¥
are independently selected from hydfogenl halogen, hydrocarbyl, substituted
_hydrocarbyL heterohydrocarbyl or substituted heterohydrocarbyl; when any two or
iore of R' to R*, R® and R” to R are hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyl or substituted heterohydrocarby!, said two or more can be
linked to form one or more cyclic substituents.

Component (A) of the polymerisation catalyst may
be a nitrogen-containing transition metal compound of

Formula W

Formula W

ViBRISLihomeSy[sabelH\Speciy\37288 dor 2A-09:02
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wherein X represents an atom or group covalently or ionically bonded to the
cobalt atom; T is the oxidation state of the cobalt atom and can be Co[I], Co[II],
YCo[TII], and b is the valency of the atom or group X; R',R%L R’ R R R®and R’
are independently selected from hydrogen, halogen, hydrocarbyl, substituted
hydrocarbyl, heterohydrocarbyf or substituted heterahydrocarbyl; and when any
two or more of R' - R” are hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl
or substituted heterohydrocarbyl, said two or more can be linked to form one or

more cyclic substituents.
In the catalysts used in processes of the present

invention the transition metal M in the nitrogen-

containing complex is preferably Fe(II) or Co(Il).

Each of the nitrogen atoms N, N? and N’ is coordinated to the transition
metal M by a “dative” bond, ie a bond formed by donation of a lone pair of
electrons from the nitrogen atom. The remaining bonds on each nitrogen atom are
covalent bonds formed by electron sharing between the nitrégen atoms and the
organic ligand as shown in the defined formulae for the transition metal complexes
illustrated above, '

The atom or group represerited by X in the compounds of Formulae B, Z,
T and W can be, for example, selected from halide, sulphate, nitrate, thiolate,
thiocarboxylate, B, PF¢, hydride, hydrocarbyloxide, carboxylate, hydrocarbyl,
substituted hydrocarbyl and heterohydrocarbyl. Examples of such atoms or
‘groups are chloride, bromide, methyl , ethyl, propyl, butyl, octyl, decyl, phenyl,
benzyl, methoxide, ethoxide, isopropoxide, tosylate, triflate, formate, acetate,
phenoxide and benzoate. Preferred examples of the atom or group X in the
compounds of Formula B, Z, T and W are halide, for example, chioride, bromide;
hydride; hydrocarbyloxide, for example, methoxide, ethoxide, isopropoxide,
phenoxide; carboxylate, for example, formate, acetate, benzoate; hydrocarbyl, for
example, methyl, ethyl, propyl, butyl, octyl, decyl, phenyl, benzyl; substituted
hydrocarbyl; heterohydrocarbyl; tosylate; and triflate. Preferably X is selected
from halide, hydride and hydracarbyl. Chloride is particularly preferved.

The following are examples of nitrogen-containing
transition metal complexes that can be employed as
component (A) in the present invention:
2,6-diacetylpyridinebis(2,5-diisopropylanil)FeCl,
2,6-diacetylpyridine(2, 6-diisopropylanil)MnCl,
2,6-diacetylpyridine(2,6-diisopropylanil)CoCl,
2,6-diacetylpyridinebis(2-tert.-butylanil)FeCl,

VA\BRISTAhomeS isabe (Hi5pgezil 17238 duc 2A-2%/02
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2,6-diacetylpyridinebis(2,3-dimethylanil)FeCl
2,6-diacetylpyridinebis(2-methylanil)FeCl;
2,6-diacetylpyridinebis(2,4-dimethylanil)FeCl,
2,6-diacetylpyridinebis{2,6-dimethylanil)FeCl,
2,6-diacetylpyridinebis(2.4,6 trimethyl anil)FeCl;
2,6-dialdiminepyridinebis(2,6-dimethylanil)FeCly
2,6~dialdiminepyridincbis(2_6-d‘ielhylaniI)FeC[z
2,6-dialdiminepyridinebis(l,G;diisopropylanil)FeCI;
2,6-dialdiminepyridinebis(1-naphthil)FeCl; and
2,6-bis(1, 1 -diphenylhydrazone)pyridine. FeCl,.

A preferred complex is 2,6-
diacetylpyridinebis{2,4.6 trimethyl anil)FeCl;.

The activator compound for the catalyst of the

present invention (component (B)) is selected from

organcaluminium compounds and hydrocarbylboron compounds.

Suitable organcaluminium compounds include
trialkylaluminium compounds, for

example, trimethylaluminium, triethylaluminium, tributylaluminium, tri-n-
octylaluminium, ethylaluminium dichloride, diethylaluminium chloride and
alumoxanes. Alumoxanes are well known in the art as typically the oligomeric

_compounds which can be prepared by the controlled addition of water to an
“alkylaluminium compound, for example trimethylaluminium. Such compounds can

be linear, cyclic or mixtures thereof. Commercially available alumoxanes are
generally believed to be mixtures of linear and cyclic compounds. The cyclic
alumoxanes can be represented by the formula [R*AIO], and the linear
alumoxanes by the formula RV(R™AIO), wherein s is a number from about 2 to
50, and whercin R', R”, and R"* represent hydrocarbyl groups, preferebly Ci to
Cq alkyl groups, for example methyl, ethyl or butyl groups.

Examples of suitable hydrocarbylboron compounds are
dimethylphenylammoniumtetra(phenyl)borate, trityltetra(phenyl)borate,
triphenylboron, dimethylphenylam;nonium tetra(pentafluorophenyl)borate, sodium
tetrakis[(bis-3,5-trifiuoromethyl)phenyljborate, H'(OEt;)[(bis-3.5-
trifluoromethyl)phenylJborate, trityltetra(pentafluorophenyl)borate and
tris(pentafiuerophenyl) boron.

In the preparation of the catalysts of the present invention the quantity of
activating compound sclécted from organoaluminium compounds and
hydrocarbylboron compounds to be employed is easily determined by simple
testing, for example, by the preparation of small test samples which can be used to
polymerise small quantities of the monomer(s) and thus to determine the activity of

VIBPISLAROMES s [SADe THISpeci\ 17284 dac 2470802
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the produced catalyst. Itis generally found that the quantity employed is sufficient
to provide 0.1 to 20,000 atoms, preferably 1to 2000 atoms of aluminium or
boron per Fe, Co, Mn or Ru metal atom in the compound of Formula B, Z, T or
W.

In the compound of Formula B of the present invention, M is preferably
Fe[II]. In the compounds of' Formula Z or Formula T of the present invention, M
is preferably Fe[1l], Mn{II] or Co{lI]..

In a further embodiment of the present invention,
the polymerisation catalyst further includes component
(C), a neutral Lewis base.

In this further embodiment of the present
invention, the iron and cobalt compounds are preferred.
The preferences in relaticn to the activator compound are
the same as expressed above. Neutral Lewis bases are well
known in the art of Ziegler-Natta catalyst polymerisation
technology. Examples of classes of neutral Lewis bases
suitably employed in the present invention are unsaturated
hydrocarbons, for example, alkenes {other than l1-olefins}
or alkynes, primary, secondary and tertiary amines,
amides, phosphoramides, phosphines, phosphites, ethers,
thioethers, nitriles, carbonyl compounds, for example,
esters, ketones, aldehydes, carbon monoxide and carbon
dioxide, sulphoxides, sulphones and boroxines. Although 1-
olefins are capable of acting as neutral Lewis bases, for
the purposes of the present invention they are regarded as
monomexr or comonomer l-olefins and not as neutral Lewis
bases per se. However, alkenes which are internal clefins,
for example, 2-butene and cyclohexene are regarded as
neutral Lewis bases in Ehe present invention. Preferred
Lewis bases are tertiary amines and arcomatic esters, for
example, dimethylaniline, diethylaniline, tributylamine,
ethylbenzoate and benzylbenzoate. In this particular
embodiment of the present invention, components (A), (B}
and (C) of the catalyst system can be brought together
simultaneocusly or in any desired order. However, if
components (B} and (C) are compounds which interact

together strongly, for example, form a stable compound

A BRIS L homeS: IsabelmnSpecin 1234 dec 0 D9 02
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together, it is preferred to bring together either
components (A) and (B) or components (A} and (C) in an
initial step before introducing the final defined
component. Preferably components (A} and (C) are contacted
together before component (B) is introduced. The
quantities of compenents (A) and (B) employed in the
preparation of this catalyst system are suitably as
described above. The quantity of the neutral Lewis Base
[component (C)] is preferably such as to provide a ratio
of component (A):component (C) in the range 100:1 to
1:1000, most preferably in the range 1:1 to 1:20.
Components (A), (B) and (C) of the catalyst system can be
brought together, for example, as the neat materials, as a
suspension or solution of the materials in a suitable
diluent or solvent (for example a liquid hydrocarbon), or,
if at least one of the components is volatile, by
utilising the vapour of‘that component. The components can
be brought together at any desired temperature. Mixing the
components together at room temperature is generally
satisfactory. Heating to higher temperatures eg. up to
120°C can be carried cut if desired, eg. to achieve better
mnixing of the components. It is preferred to carry out the
bringing together of components (A), (B) and (C) in an
inert atmésphere (eg. dry nitrogen) or in vacue. If it is
desired to use the catalyst on a support material (see
below), this can be achieved, for example, by preforming
the catalyst system comprising components {A), (B} and (C)
and impregnating the support material preferably with a
solution thereof, or bybintroducing to the support
material one or more of the components simultaneously or
sequentially. If desired the support material itself can
have the properties of a neutral Lewis base and can be
employed as, or in place of, component (C). An example of
a support material having neutral Lewis base properties 1is
poly(aminostyrene) or a copolymer of styrene and
aminostyrene (ie. vinylaniline).

The catalysts of the present invention can, if

VAIBRIS L \home$ s [sabe [H Spac 1y 1723 doe 27708702
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desired, include more than one of the defined transition
metal compounds. The catalyst may include, for example, a
mixture of 2,6-diacetylpyridinebis(2, 6-diisopropylanil)-
FeCl, complex and 2,6-diacetylpyridinebis(2,4,6-trimethyl-
anil)FeCl, complex, or a mixture of 2,6-diacetylpyridine-
(2,6-diisopropylanil)CoCl, and 2, 6-diacetylpyridinebis-
(2,4, 6-trimethylanil)FeCl,. In addition to said one or more
defined transition metal compounds, the catalysts of the
present invention can also include one or more other types
of transition metal compounds or catalysts, for example,
transition metal compounds of the type used in
conventional Ziegler-Natta catalyst systems, metallocene-
based catalysts, or heat activated supported chromium
oxide catalysts (eg. Phillips-type catalysts).

The catalysts of the present invention can be
unsupported or supported on a support material, for
example, silica, alumiﬁa, or zirconia, or on a polymer or
prepolymer, for example polyethylene, polystyrene, or
poly{aminostyrene) .

If desired the catalysts can be formed in situ in
the presence of the support material, or the support
material can be pre-impregnated or premixed,
simultaneously or sequentially, with one or more of the
catalyst components. The catalysts of the present
invention can if desired by supported on a heterogeneous
catalyst, for example, a magnesium halide supported
Ziegler-Natta catalyst, a Phillips-type (chromium oxide)
supported catalyst or a supported metallocene catalyst.
rormation of the suppofted catalyst can be achieved, for
example, by treating the transition metal compounds of the
present invention with alumoxane in a suitable inert
diluent, for example, a velatile hydrocarbon, slurrying a
particulate support material with the product and
evaporating the volatile diluent. The produced supperted
catalyst is preferably in the form of a free-flowing
powder. The guantity of support material employed can vary

widely, for example from 100,000 to 1 grams per gram of
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metal present in the transition metal compound.

In the polymerisation processes of the present
invention the polymerisation catalyst 1s preferably based
on the Formula B, T, W or Z compounds as described above.

The polymerisation conditions can be, for
example, solution phase, slurry
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phase or gas phase. 1f desired, the catalyst can be used to polymerise ethylene
under high pressure/high temperature process conditions wherein the polymeric
material forms as a melt in supercritical ethylene. Preferably the polymenisation is
conducted under gas phase fluidised bed conditions.

5 Slurry phase polymerisation conditions or gas phase polymerisation
conditions are particularly useful for the production of high density grades of
polyethylene. In these processes the polymerisation conditions can be batch,
continuous or semi-continuous. In the slurry phase process and the gas phase
process, the catalyst is generally fed to the polymerisation zone in the form of a

10 particulate solid. This sclid can be, for example, an undiluted solid catalyst system
formed from a nitrogen-containing complex and an activator, or can be the solid
complex alone. In the latter situation, the activator can be fed to the
polymerisation zone, for example as a solution, separatety from or together with
the solid complex. Preferably the catalyst system or the transition metal complex

15 component of the catalyst system employed in the slurry polymerisation and gas
phase polymeriastion is supported on a support material, Most preferably the

" catalyst system is supported on a support material prior to its introduction into the
polymerisation zone. Suitable support materials are, for example, silica, alumina,
zirconia, talc, kieselguhr, or magnesia. Impregnation of the support material can

20 becarried cut by conventional techniques, for example, by forming a solution or
suspension of the catalyst components in a suitable diluent or solvent, and slurrying
the support material therewith. The support material thus impregnated with
catalyst can then be separated from the diluent for examp.le, by filtration or
evaporation techniques.

25 In the slurry phase polymerisation process the solid particles of catalyst, or
supported catalyst, are fed to a polymerisation zone either as dry powder or as a
slurry in the polymerisation diluent. Preferably the particles are fed to a
polymerisation zone as a suspension in the polymerisation diluent. The
polymerisation zone can be, for example, an autoclave or similar reaction vessel,

30 oracontinuous loop reactor, eg of the type well-know in the manufacture of
polyethylene by the Phillips Process. When the polymerisation process of the
present invention is carried out under slurry conditions the polymerisation is
preferably carried out at a temperature above 0°C, most preferably above 15°C.
The polymerisation temperature is preferably maintained below the temperature at

35 which the polymer commences to soften or sinter in the presence of the

15
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polymerisation diluent. If the temperature is allowed to
go above the latter temperature, fouling of the reactor
can occur. Adjustment of the polymerisation within these
defined temperature ranges can provide a useful means of

5 controlling the average molecular weight of the produced
pelymer. A further useful means of contrelling the
molecular welight is to conduct the polymerisation in the
presence of hydrogen gas which acts as chain transfer
agent. Generally, the higher the concentration of hydrogen

16  employed, the lower the average meoclecular weight of the
produced polymer.

The use of hydrogen gas as a means of controlling
the average molecular weight of the polymer or copolymer
applies generally to the polymerisation process of the

15 present invention. For example, hydrogen can be used to

reduce the average molecular weight of polymers or

caopolymers prepared using gas phase, slurry phase or
solution phase polymerisation conditions. The quantity of
hydrogen gas to be employed to give the desired average

20 molecular weight can be determined by simple “trial and

error” polymerisation tests.

At least preferred embodiments of polymerisation

speeed processes of the present invention provide polymers and
copolymers, especially ethylene polymers, at remarkably
:'": 25 high productivity (based on the amount of polymer or
copolymer produced per unit weight of nitrogen-containing
transition metal complex employed in the catalyst system).
This means that relatively very small quantities of
transition metal complex would be consumed in commercial
30 processes using the processes. It also means that when the
polymerisation processes are operated under polymer
recovery conditions that do not employ a catalyst
separation step, thus leaving the catalyst, or residues
thereof, in the polymer (eg. as occurs in most commercial
35 slurry and gas phase polymerisation processes), the amount
of transition metal complex in the produced polymer can be

very small. Experiments carried out with processes of the
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present invention show that, for example, polymerisation
of ethylene under slurry polymerisation conditions can
provide a particulate polyethylene product containing
catalyst so diluted by the produced polyethylene that the
5 concentration of transition metal therein falls to, for

example, 1 ppm or less wherein “ppm’ is defined as parts
by weight of transition metal per million parts by weight
of polymer. Thus polyethylene produced within a
polymerisation reactor by the process of the present

10 invention may contain catalyst diluted with the
polyethylene to such an extent that the transition metal
content thereof is, for example, in the range of 1-0.0001
ppm, preferably 1-0.001 ppm.

Using a catalyst comprising a nitrogen-containing

15 Fe complex in accordance with the present invention in,
for example, a slurry polymerisation, it is possible to
obtain polyethylene powaer wherein the Fe concentration
is, for example, 1.03 to 0.11 parts by weight of Fe per
million parts by weight of polyethylene.

20 . Suitable meonomers for use in the polymerisation
process of the present invention are, for example,

ethylene, propylene, butene, hexene, methyl methacrylate,

methyl acrylate, butyl acrylate, acrylonitrile, vinyl

acetate, and styrene. Preferred monomers for

RALLH 25 homopolymerisation processes are ethylene and propylene.
In copolymerisation processes, ethylene is preferably
copolymerised with other l-olefins such as propylene, 1-
butene, 1l-hexene, 4—metbylpentenew1, and octene.
Alternatively, ethylene may be copolymerised with other

30 monomeric materials, for example, methyl methacrylate,
methyl acrylate, butyl acrylate, acrylonitrile, vinyl

acetate, and styrene.
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Methods for operating gas phase polymerisation
processes are well known in the art. Such methods
generally involve agitating (eg. by stirring, vibrating or
fluidising) a bed of catalyst, or a bed of the target
polymer (ie. polymer having the same or similar physical
properties to that which it is desired to make in the
polymerisation process) containing a catalyst, and feeding
thereto a stream of monomer at least partially in the
gaseous phase, under conditions such that at least part of
the monomer polymerises in contact with the catalyst in
the bed. The bed is generally cocled by the addition of

cool gas (eg. recycled gaseous monomer)
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and/or volatile liquid {eg a volatile inert hydrocarbon, or gaseous monomer which
has been condensed to form a liguid), The polymer produced in, and isolated from,
gas phase processes forms directly a solid in the polymerisation zone and is free
from, or substantially free from liquid. As is well known to those skilled in the art,
if any liquid is allowed to enter the polymerisation zone of a gas phase
polymerisation process the quantity of liquid is smal! in relation to the quantity of
polymer present in the polymerisation zone. This is in contrast to “solution phase”
processes wherein the polymer is formed dissolved in a solvent, and “slurry phase”
processes wherein the polymer forms as a suspension in a liquid diluent.

The gas phase process can be operated under batch, semi-batch, or so-
called “continuous” conditions. It is preferred to operate under conditions such
that monomer is continuousty recycled to an agitated polymerisation zone
containing polymerisation catalyst, make-up monomer being provided to replace
polymerised monomer, and continuously or intermittently withdrawing produced
polymer from the polymerisation zone at a rate comparable to the rate of formation
of the polymer, fresh catalyst being added to the polymerisation zone to replace the
catalyst withdrawn form the polymerisation zone with the produced polymer.

In the preferred embodiment of the gas phase polymerisation process of the
present invention, the gas phase polymerisation conditions are preferably gas phase
fluidised bed polymerisation conditions.

Methods for operating gas phase fluidised bed processes for making
polyethylene and ethylene copolymers are well known in the art. ‘The process can
be operated, for example, in a vertical cylindrical reactor equipped with a
perforated distribution plate to support the bed and to distribute the incoming
fluidising gas stream through the bed. The fluidising gas circulating through the
bed serves to remove the heat of polymerisation from the bed and to supply
monomer for polymerisation in the bed. Thus the fluidising gas generally
comprises the monomer(s) normally together with some inert gas (eg nitrogen) and
optionally with hydrogen as molecular weight modifier. The hot fluidising gas
emerging from the top of the bed is led optionally through a velocity reduction
zone (this can be a cylindrical portion of the reactor having a wider diameter) and,
if desired, a cyclone and or filters to disentrain fine solid particles from the gas
stream. The hot gas is then led to a heat exchanger to remove at least part of the
heat of polymerisation. Catalyst is preferably fed continuously or at regular
intervals to the bed. At start up of the process, the bed comprises fluidisable
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polymer which is preferably similar to the target polymer. Polymer is produced
continuously within the bed by the polymerisation of the monomer(s). Preferably
means are provided to discharge polymer from the bed continuousty or at regular
intervals to maintain the fluidised bed at the desired height. The process is
generally cperated at relatively low pressure, for example, at 10 to 50 bars, and at
temperatures for example, between 50 and 120 °C. The temperature of the bed is
maintained below the sintering temperature of the fluidised polymer to avoid
problems of agglomeration.

In the gas phase fluidised bed process for polymerisation of olefins the heat
evolved by the exothermic polymerisation reaction is normally removed from the
polymerisation zone e, the fluidised bed) by means of the fluidising gas stream as
described above. The hot reactor gas emerging from the top of the bed is led
through one or more heat exchangers wherein the gasis cooled. The cooled
reactor gas, together with any make-up gas, is then recycled to the base of the bed.
In the gas phase fluidised bed polymerisation process of the present invention it is
desirable to provide additional cooling of the bed (and thereby improve the space
time yield of the process) by feeding a volatile liquid to the bed under conditions
such that the liquid evaporates in the bed thereby absorbing additional heat of
polymerisation from the bed by the “latent heat of evaporation” effect. When the
hot recycle gas from the bed enters the heat exchanger, the volatile liquid can
condense out. In one embodiment of the present invention the volatile liquid is
separated from the recycle gas and reintroduced separately into the bed. Thus, for
example, the volatile liquid can be separated and sprayed into the bed. In another
embodiment of the present invention the volatile liquid is recycled to the bed with
the recycle gas. Thus the volatile liquid can be condensed from the fluidising gas
stream emerging from the reactor and can be recycled to the bed with recycle gas,
or can be separated from the recycle gas and sprayed back into the bed.

The method of condensing liquid in the recycle gas stream and returning the
mixture of gas and entrained liquid to the bed is described in EP-A-0089691 and
EP-A-0241947. It is preferred to reintroduce the condensed liquid into the bed
separate from the recycle gas using the process described in our US Patent
5541270, the teaching of which is hereby incorporated into this specification,.

When using the catalysts of the present invention under gas phase
polymerisation conditions, the catalyst, or one or more of the companents
employed to form the catalyst can, for example, be introduced into the

22
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polymerisation reaction zone in liquid form, for example, as a solution in an inen
liquid diluent. Thus, for example, the transition metal component, or the activator
component, or both of these companents can be dissolved or slurried in a liquid
diluent and fed to the polymerisation zone. Under these circumstances it is
preferred the liquid containing the component(s) is sprayed as fine droplets into the
polymerisation zone. The droplet diameter is preferably within the range 1 to 1000
microns. EP-A-0593083, the teaching of which is hereby incorporated into this
specification, discloses 2 process for introducing a polymerisation catalyst into a
gas phase polymerisation. The methods disclosed in EP-A-0593083 can be
suitably employed in the polymerisation process of the present invention if desired.
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The production of ligands for preparing the nitrogen containing transition
metal complexes used in the présent invention is conventional synthetic organic
chemistry. For example, ligands of the type shown attached to the transition metal
atom in Formula B can be made, for example, by reacting together a substituted or
unsubstituted 2,6-dicarboxaldehydepyridine or 2,6-diacylpyridine compound (ie
having the appropriate R', R?, R®, R* and R® substituents) with two molar
equivalents of a diamine bearing the desired substituents R® and R’.

VABRISLVhome Y Tsabe IHAGpec i 1 3 723R dae 27009702




10

- 27 -

Thus ligands of the type illustrated, for
example, in Fermulae B, 2 and T can generally be prepared
by condensation reactions between bis{carbonyl)pyridine
compounds and appropriate amines or hydrazines. Such
reactions can be catalysed, for example, by acids, for
example, acetic acid or toluene-p-sulphonic acid. During
reactions of this type it is normally advantageous to
remove from the reaction zone the water eliminated by the
reaction of the carbonyl groups with the -NH; groups. In
the preparation of ligands using this type of reaction, it
is preferred to take off the water by refluxing the
reaction mixture with an azeotrope-forming water-

immiscible liquid, and separating and
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removing the water from the distillate in a suitable reflux head, eg in a Dean and
Stark head. Suitable liquids for this purpose are, for example, hydrocarbons,
especially aromatic hydrocarbons such as toluene or xylene.

» The present invention is illustrated in the following Examples.
EXAMPLES

Example 1 shows the preparation of an iron compound (see Formula D

below), Example 2 shows the preparation of a manganese compound (see Formula
J below) and Example 3 shows the preparation of a cobalt compound (see

Formula K), for preparing the catalyst of the present invention. Runs 1.1 to 1.6,
2.1,3.1and 3.2 illustrate the use of these compounds as catalysts in the
polymerisation of ethylene in accordance with the catalyst and process of the
present invention.

In the Examples all manipulations of air/moisture-sensitive materials were
performed on & conventional vacuum/inert atmosphere (nitrogen) line using
standard Schlenk line techniques, or in an inert atmosphere glove box.

Example 1

Intermediate A [2,6-diacetylpyridinebis(2,6-diisopropylanil)] was prepared by the
reaction of Intermediate B [2,6-diacetylpyridine] and Intermediate C [2,6-
diisopropylaniline]. Intermediate A was then reacted with ferrous chloride in
butancl to pravide the compound of Formula D.

Preparation of Intermediate A

Using a procedure based on a related preparation (E. C. Alyea and P. H. Merrell,
Synth. React. Inorg. Melal-Org. Chem., 1974, 4, 535):- 2,6-diisopropylaniline
(3.46 ml, 18.4 mmol) was added dropwise to a solution of 2,6-diacetylpyridine
(1.50 g, 9.2 mmol} in absolute ethanol (25 ml} [2,6-diisopropylaniline and 2,6-
diacetylpyridine were obtained from Aldrich the former of which was freshly
distilled before use]. A few drops of glacial acetic acid was added and the solution
was refluxed for 48 h. Concentration of the solution to half volume and cooling to
-78°C gave intermediate A as pale yellow crystals (80%). Caled for CazHiaNs: C,
82.3;H, 8.9 N, 8.7, Found: C, 81.9; H, 8.5; 8.7%. FABMS: M+ (481). 'H NMR
(CDCly): 8.6-7.9Im, 3H, CsH:N], 7.2-6.9[m, 6H, Co(CHMey)H,), 2.73{sept, 4H,
CHMe,), 2.26[s, 6H, CsH:N(CMeNAr);] and 1.16[m, 24H, CHMe,]. FABMS is
fast atom bombardment mass spectrometry.
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Fermula D

Preparation of the Formula D compound
[2.6-diacetylpyridinebis(2.6-diisopropylani)FeCl,]

FeCl; (0.24 g; 1.89 mmol) was dissolved in hot n-butanol (20 ml) at 80 °C.
A suspension of 2,6-diacetylpyridinebis(2,6-diisopropylanil) (0.92 g; 1.89 mmol) in
n-butanol was added dropwise at 80 °C. The reaction mixture turned blue. After

stirring at 80 °C for 15 minutes the reaction was allowed to cool down to room
temperature. The reaction volume was reduced to a few ml, and petroleum ether
(40/60) was added to precipitate the product (a blue powder), which was
subsequently washed three times with 10 ml petroleum ether (40/60). The yield
was 0.93 g (81 %).

Mass spectrum: m/z 607 [M}+, 572 [M-Cl]+, 482 [M-FeCLI+.

Analysis - Calculated: for Cs;HysNsFeCly: C, 65.14; H, 7.12; N, 6.91.
Found: C, 64.19, H, 6.90; N, 6.70.
Runs 1.1 to 1.6 - Polymerisation Tests

The polymerisation tests described in Runs 1.1 ta 1.6 were were carried out using
the following procedure. The catalyst of Formula D and cocatalyst .
(methylalumoxane - “MAQ”) was added to a Schlenk tube and dissolved in
toluene (40 ml). The tube was purged with ethylene and the contents were
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mechanically stirred and maintained under 1 bar ethylene for the duration of the
polymerisation. After half an hour the polymerisation was terminated by the
addition of aqueous hydrogen chloride. The produced solid polyethylene was
filtered off, washed with methanol and dried in a vacuum oven at 50°C. In Run
1.1, some toluene soluble polyethylene was recovered from the filtrate by
separating the toluene layer, drying over MgSO, , and evaporating the solvent.
The resuits of the polymerisation tests are summarised in the following
Table.
It will be seen from the Table that the iron compound catalyst provided high
activily in the polymerisation of ethylene using methylalumoxane as cocatalyst, but
that use of diethylaluminiumchloride as cocatalyst {(Run 1.4) gave poor activity.
The use of a cocatalyst consisting of a perfluorophenylboren compound with
triisobutylaluminium gave moderately high activity.

TABLE
Exampie |Catalyst {Cocatalyst/ [PE solid |PE (soluble) |Activity
mmol Quantity (Note 2) (Note 3)
(Note 1)
1.1 0.05 MAQ/400 |12.0g 0.78¢ 480
1.2 0.025 MAQ/40) |8.0g nd 640
1.3 0.025 MAOG/M00 |9.7g nd 780
1.4 0.023 DEAC/400 |0.01g 0 low
1.5 0.025 SeeNote 4 [35g 0 280
1.6 0.01 MAO/I00 |57g nd 1130

Notes on the Table

1 MAQ is methylalumoxane (cocatalyst). DEAC is diethylaluminium
chloride. The “Quantity” units are milliequivalents based on atoms of alumznium.
The MAO was supplied by Aldrich except in Run 1.3 in which the MAO was
prepared according to the method provided by Gianetti, E.; Nicoletti, G.M.;
Mazzocchi, R. Journal of Polymer Science: Part A; Polymer Chemistry 1985, 23,
2117-2133,

2. Recovered from the toluene reaction medium.

3. The activity is expressed as g mmol” ! bar” (grams of polymer produced
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per millimole of catalyst per hour per bar pressure of ethylene).

4, In Run 1.5, the cocatalyst was provided by 1 millequivalent of
tris(perfluorophenyl)boron and 20 milliequivatents of triisobutylaluminium.
Example 2

The manganese[II] compound illustrated in the following diagram was prepared
and tested for catalytic activity in the polymerisation of ethylene.

Preparation of Manganese(I1} compound with Formula J [(2,6-

" diacetylpyridine(2.6-diisopropylani YMnCl

A suspension of MnCl,.4H,0 (0.50 g, 2.53 mmo!) and Intermediate A {1.22 g,
2.53 mmal) was refluxed in acetonitrile (50 mf) for 12 h to give an orange solution.
On cooling to room temperature orange crystals were obtained of the Mn(II)
compound of Formula J; yield 59%. Microanalysis data supported the Formula J
empirical formula. The FAB mass spectrum displayed a highest peak corresponding
to an M+-Cl (571) ion.

Polymerisation test - Run 2.1

A 1.8 M solution of diethylaluminium chloride (DEAC) in toluene (0.50 ml, 0.9
mmol, 30 equivalents) was added via syringe to a stirred suspension of the Formula
I Mn(11) compound (18 mg, 0.03 mmol) in toluene (40 ml). The produced catalyst
solution was degassed under reduced pressure and back-filled with an atmosphere
of ethylene. During the run time of 20 h the solution was left open to a supply of
ethylene at one atmosphere and stirred vigorously at 25 °C. The polymerisation
was terminated by the addition of dilute HCI {ca. 40 ml) and then stirred for 30
minutes to dissclve the alkylaluminium residues. Solid polyethylene was filtered
from the reaction, washed with an acidified methanol solution and dried in vacuo at
40°C overnight. Yield 0.011 g. Activity was 0.2 gmmol lhr'lbar’l.
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Example 3 - Preparation of 2,6-diacetyipyriding(2,6-diisopropylani)CoCl, -
Formula K

Cobalt chloride (CoCl; - 0.057g; 0.44mmol) was dissalved in hot n-butano! (10ml}
at 80°C. A suspension of Intermediate A [2,6-diacetylpyridinebis(2,6-
diisopropylanil)] (0.21g; 0.44mmol) in n-butanol was added dropwise at 80°C.
After stirring at 80°C for 15 minutes the produced reaction mixture was allowed to
cool to room temperature. The reaction volume was reduced to a few ml and
petroleum ether (40/60) was added to precipitate the product. The olive green

powdery precipitate was washed three times with 10m! aliquots of petroleum ether
(40/60). The yield of the cobalt complex (Formula K - see below) was 0.18g
(67% of theory). The mass spectrum showed m/z 575 [M-CI]', 538 [M-2C|]”
Polymerisation Tests - Runs3 1 and 3.2 ‘ '

Polymerisation tests were carried out as described in Example 1 except that the
catalyst was the Formula K compound. The MAO employed (obtained from
Aldrich - Catalogue No. 40,459-4) was a 10 weight % solution in toluene.

It will be seen from the Table that the Formula K catalyst when activated
with MAO was highly active in the polymerisation of ethylene.

TABLE
Example [Catalyst [Cocatalyst/ |PE solid JActivity
mmol Quantity (Note 6)
(Note 5)

3.1 0.05 MAQO/100 15.2p 207

3.2 0.01 MAOG/100 [2.3g 464
Notes on the Table:.
5. The “Quantity” units are milliequivalents based on atoms of aluminium

. 6. The activity is expressed as g mmol' h™ bar"'  (grams of polymer

produced per millimole of catalyst per hour per bar pressure of ethylene).
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FORMULA K

Examples 4 to 9 - Preparation of Iron Complexes

Example 4

4.1 - Preparation of 2 6-diacetylpyridinebis(2-tert.-butylanit)

To a solution of 2,6-diacetylpyridine (0.54 g; 3.31 mmol) in absolute ethanol (20
ml) was added 2-tertiarybutylaniline (1.23 g; 2.5 eq.). After the addition of 2 drops
of acetic acid (glacial) the solution was refluxed overnight. Upon cooling to room
temperature the product crystallised from ethanol. The product was filtered,

washed with cold ethanol and dried in a vacuum aven (50°C) overnight. The vield
was 1.07 g (76 %). Analysis 1H NMR(CDCl5): 8.43, 7.93, 7.44, 7.21, 7.09, 6.56
(m, TH, ArH, pytH), 2.43 (s, 6H, N=CCH3), 1.39 (s, 18H, CCHa).

4.2 - Preparation of 2 6-diacetylpyridinebis(2-tert.-butylanil)FeCl,.

FeCl; (0.15 g; 1.18 mmol) was dissolved in hot n-butanol (20 ml) at 80°C. A
suspension of 2,6-diacetylpyridinebis(2-tert.-butylanil) (0.5 g; 1.18 mmol) in n-
butanol was added dropwise at 80°C. The reaction mixture turned blue. After

stirring at 80°C for 15 minutes the reaction was allowed to cool down to room
temperature. The reaction volume was reduced to a few ml and diethy! ether was
added to precipitate the product as a blue powder, which was subsequently washed
three times with 10 ml diethyl ether. The yield was 0.55 g (85 %). Analysis - Mass
spectrum: m/z 531 [M]J+, 516 [M-CI}+, 426 [M-FeCl,]+.

Example 5

5.1 - Preparation of 2 6-diacetylpyridinebis(2-methylanil)

The procedure was as for Example 4.1 except that 2-methy! aniline was used
instead of 2-tertiarybutylaniline. The yield was Yield: 0.42 g (33%)

"H NMR(CDCl): 8.48 (d, 2H, pycH), 7.91 (t, IH, pyrH).,7.28 (m, 4H, ArH), 7.10
(m.2H, ArH), 6.75 (m, 2H, ArH), 2.42 (s, 6H, N=CCH), 2.20 (s, 6H, CH).

5.2 - Preparation of 2,6-diacetylpyridinebis(2-methylanil)FeCl,

The procedure was as for Example 4.2 except that 2,6-diacetylpyridinebis(2-
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methylanil) was employed instead of 2,6-diacetylpyridinebis(2-tert.-butylanif). The
yield was 77% of thearetical.

Mass spectrum: nv/z 467 [M]", 432 [M-CI]".

Example 6 ‘

6.1 - Preparation of 2.6-diacetylpyridinebis(2.3-dimethylanil)

The procedure was as for Example 4.1 except that 2,3-dimethyl aniline was used
instead of 2-tertiarybutylaniline. The yield was 80% of theoretical.

"H NMR(CDCL): 8.41, 7.89, 7.10, 6.94, 6.55, (m, SH, ArH, pyrH), 2.33

{m, 6H, N=CCH;, 6H, CCH}), 2.05 (s, 6H, CCH}).

Mass spectrum: m/z 369 [M]".

6.2 - Preparation of 2. 6-diacetylpyridinebis(2,3-dimethylanil)FeCl;

The procedure was as for Example 4.2 except that 2,6-diacetylpyridinebis(2,3-
dimethylanil) was employed instead of 2, 6-diacetylpyridinebis(2-tert.-butylanil).
The yield was 83% of theoretical.

Mass spectrum: m/z 496 [M]°, 461 [M-CIJ, 425 [M-Cl,]".

Example 7

7.1 - Preparation of 2,6-diacetylpyridinebis(2.4-dimethyianil)

The procedure was as for Example 4.1 except that 2 4-dimethy! aniline was used

instead of 2-tertiarybutylaniline. The yield was 75% of theoretical.

'"H NMR(CDCl): 8.41, 7.90, 7.05, 6.90, 6.55, (m, 9H, ArH, pyiH), 2.36
(m, 6H, N=CCH;, GH, CCH5), 2.13 (s, 6H, CCH).

Mass spectrum: m/z 369 {M]".

7.2 - Prepargtion of 2.6-diacetylpyridinebis(2.4-dimethylanilFeCl,

The procedure was as for Example 4.2 except that 2,6-diacetylpyridinebis(2,4-
dimethylanil) was employed instead of 2, 6-diacetylpyridinebis(2-tert.-butylanil).
The yield was 75% of theoretical.

Mass spectrum: m/z 496 [M]', 461 [M-CI]", 425 [M-CL,]".

Example §

8.1 Preparation of 2.6-dacetylpyridinebis(2. 6-dimethylanil)

The procedure was as for Example 4.1 except that 2,6-dimethyl aniline was used
instead of 2-tertiarybutylaniline. The yield was 78% of theoretical.

"H NMR(CDClL): 8.48, 8.13, 7.98, 7.08, 6.65, (m, 9H, ArH, pyrH), 2.25 (s, 6H,
N=CCHy), 2.05 (m, 12H, CCHj).

Mass spectrum: m/z 369 [M]".
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8.2 - Preparation of 2 G-diacetvIpyridinebis(2 6-dimethvlanil)FeCl,

The procedure was as for Example 4.2 except that 2,6-diacetylpyridinebis(2,6-
dimethylanil) was employed instead of 2,6-diacetylpyridinebis(2-tert.-butylanil).
The yield was 78% of theoretical..

Mass spectrum: m/z 496 [M]", 461 [M-CI]", 425 [M-Cl;]".

Example ¢

9.1 Preparation of 2.6-diacetylpyridinebis(2.4,6-trimethylanil)

The procedure was as for Example 4.1 except that 2,4,6-trimethyl aniline was used
instead of 2-tertiarybutylaniline. The yield was 60% of theoretical.

'H NMR(CDCly): 8.50, 7.95, 6.94, (m, 7H, ArH, pyrH), 2.33 (s, 6H, N=CCHS),
2.28 (5, 6H, CCH3), 2.05 (s, 12H, CCH3).

Mass spectrum; mi/z 397 [M]".

9.2 - Preparation of 2.6-diacetylpyridinebis(2 4.6-trimethylani\FeCl

The procedure was as for Example 4.2 except that 2,6-diacetylpyridinebis(2,4,6-
trimethylanil) was employed instead of 2,6-diacetylpyridinebis(2-tert.-butylanil).
The yield was 64% of theoretical.

Mass spestrum: m/z 523 [M]", 488 [M-CI]", 453 [M-Cl,]".

Examples 4 to 9 - Polymerisation tests on Iron Complexes

The polymerisation tests were carried out using the following procedure. The
catalysts (iron complexes) prepared in each of Examples 4 to 9 and cocatalyst
(methylalumoxane - “MAQO™) was added to a Schlenk tube and dissolved in
toluene (40 ml). The “MAO” was used as a 10 wt% solution in toluene (supplied
by Aldrich, catalogue number; 40,459-4). The tube was purged with ethylene and
the contents were mechanically stirred and maintained under | bar ethylene for the
duration of the polymerisation. The polymerisation tests were each commenced at
room temperature (20°C). Afier half an hour the polymerisation was terminated by
the addition of aqueous hydrogen chioride. The produced solid polyethylene was
filtered off, washed with methanol and dried in a vacuum oven at 50°C. The
toluene soluble fraction (PE tol. sol.) was isolated from the filtrate by separation of
the toluene layer from the aqueous layer, drying over MgSQ, and removal of the
toluene by distillation. GC/MS analysis showed that the toluene soluble fraction
consists of oligomeric products.

35



WO 99/12981

20

25

30

35

PCT/GBY8/(2638

The results of the polymerisation tests are summarised in the Table 3,

TABLE 3
Complex Catalyst | Cocatalyst/ | PE PE tol. sol. | Activity
from mimol equivalents | solid | grams g/mmolhbar
Example grams
No.
4.2 0.01 MAO/ 100 |5.01 - 1002
5.2 0.01 MAOQ/ 100 0.32 64
6.2 0.02 MAO/ 400 |0.26 2.63 289
7.2 0.02 MAOQ/ 400 1.20 120
8.2 0.02 MAO/400 5.7 566
9.2 0.01 MAO/ 100 6.2 1230

Analysis for solid polyethylene

Example No. [Mn | Mw PDI
4.2 4100 |228000 [55.3
6.2 620 1910 1.5
8.2 1900 129000 153
9.2 4400 | 52000 119
Analysis for toluene seluble polyethylene:

Example Mn | Mw [ PDI

No

6.2 300 |410f14

Example 10

10.0 - Preparation of 2,6-pyridinedicarboxaldehyde

2,6-Dimethanolpyridine (5.55 g, 0.040 mol - supplied by Aldrich Chemical Ca.)
and selenium dioxide (4.425 g, 0.040 mol, 1 equivalent) were dissolved in 1,4-
dicxane (100 mi) and refluxed {4 h). The resulting mixture was filtered to yield a
clear orange solution. The solvent was removed under vacuum and the product
was recrystallised from chloroform : petraleum ether (40/60 °C) 1:1) to yield a
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white powder (7.44 g, 75%)
Analysis - Mass spectrum (CI) 136 [M+H]+, 153 [M+NH3}+
"H NMR (250 Hz, CDCI13) 10.17 (2H, s), 8.19 (2H, d, /= 8.4 Hz), 8.17 (1H, t, J

To the 2,6-pyridinedicarboxaldehyde (0.80 g, 5.93 mmol), prepared as described
above, in absolute ethanol (50 ml), was added redistilled 2,6-dimethylaniline (2.1
eq, 12.45 mmol, 1.5 ml) and glacial acetic acid (catalytic, 3 drops) and the resulting
mixture was refluxed (24 h). Cooling and recrystallisation (absolute ethanol)
yielded a yellow powder, (1.654 g, 82%). Analysis Mass spectrum (CI) 342
[M+H]+

'HNMR (250 Hz, CDCI3) 8.43 (2H,s), 8.40(2H.d, J=7.6 Hz), 8.00 (1H,1,7.6J),
7.10 (41L,d.J = 7.4 Hz), 6.59 (2H,t,/ =7.4 Hz), 2.20 (12H,5)

BC NMR (250 Hz, CDCI3) 163.17, 154.45, 150.26, 137.32, 128.16, 126.77,
12439, 122.68, 18.31

10.2 - Preparation of 2.6-dialdiminepyridinebis(2,6-dimethylanil)FeCl,

To FeCl, (0.127 g, 1.0 mmol) dissolved in hot, dry, rn-butanol (40 ml) at 80°C , a
suspension of 2,6-dialdiminepyridinebis(2,6-dimethylanil) (0.341 g, 1.0 mmol, 1

eq) in hot, dry, n-butanol (10 ml) was added dropwise at 80°C. The reaction
mixture turned green. After stirring for 15mins at 80°C the mixture was allowed to

cool to room temperature and stirred for a further 12 h. The reaction solvent
volume was reduced to approximately 1 ml and the reaction mixture was washed
with diethyl ether (3x40 mi) to yield a light green powder (0.279 g, 60%).

Mass spectrum (FAB+) m/z: 467 [M]+, 432 IM-Cl]+
Example 11
11.1 - Preparation of 2 6-dialdiminepyridinebis(2,6-diethylanil)
To 2,6-pyridinedicarboxaldehyde (0.169 g, 1.25 mmol} prepared as described in
Example 10.0 above, in absolute ethanol (25 ml), was added redistilled 2,6-
diethylaniline (2.1 eq, 2.63 mmol, 0.36 ml) and glacial acetic acid {catalytic, 1

drop). The resulting mixture was refluxed (24 h). Cooling and recrystalisation
(absolute ethanol) yielded a yellow powder, (0.371 g, 75%). Analysis - Mass
spectrum (C1) 398 [M+H]+ 'H NMR (250 Hz, CDCI3) 8.44 (2H.s), 8.40 2H,d,J
=7.6 Hz), 8.00 (1H,t./= 7.6 Hz), 7.25 (6HM), 2.55 (8H,q.J =7.5 Hz), 1.61
(12H,t./ =7.5 Hz)
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11.2 - Preparation of 2.6-dialdiminepyridinebis(2.6-diethylanil)FeCl,

To FeCl, (0.076 g, 0.6 mmol) dissolved in hot, dry, n-butanol (40 ml) at 80°C | a
suspension of 2,6-dialdiminepyridinebis(2,6-diethylanil} (0.240 g, 0.6 mmol, 1 eq)
in hot, dry, n-butanol (10 mf} was added dropwise at 80°C. The reaction mixture
turned dark green. After stirring for 15 mins at 80°C the mixture was allowed to
cool to room temperature and stirred for a further 12 h. The reaction solvent
volume was reduced to approximately 1 ml and the reaction mixture was washed
with diethyl ether (3x40 ml), to yield a dark green powder, (0.238 g,76%).
Analysis - Mass spectrum (FAB+) m/z: 523 [M]+, 488 [M-Cl)+, 453 [M-CI2]+,
398 [M-FeCI2}+

Example 12

12.1 - Preparation of 2,6-dialdiming,

To 2,6-pyridinedicarboxaldehyde (0.101 g, 0.75 mmol) ) prepared as described in
Example 10.0 above, in absolute ethanol (20 ml), was added redistilled 2,6-
diisopropylaniline (2.1 eq, 1.57 mmol, 0.26 ml) and glacial acetic acid (catalytic, 1
drop). The resulting mixture was refluxed (24 h). Cooling and recrystallisation
(absolute ethanol) yielded a yellow powder, (0.270 g, 80%). Analysis - Mass
spectrum (CI) 454 [M+H]+

'HNMR (250 Hz, CDCI3) 8.44 (2H,s), 8.40 (2H,d,./= 7.6 Hz), 8.00 (1H,t/ = 7.6
Hz), 7.23 (6HM), 3.01 (4H,sept../= 6.9 Hz), 1.21 (24H.d,/ = 6.9 Hz)

BC NMR (250 Hz, CDCI3) 163.52, 162.69, 154.43, 148.30, 137.36, 137.14,
123.05, 122.76, 27.99, 23 .44,

12.2 - Preparation of 2.6-dialdiminepyridinebis(2_6-diisopropylanil\FeCl,

To FeCl, (0.070 g, 0.55 mmol) dissolved in hot, dry, #-butanol (40 ml) at 80°C , a
suspension of 2,6-dialdiminepyridinebis(2,6-diisopropylanil) (0.245 g, 0.55 mmo},
1 eq) in hot, dry, n-butanal (10 ml) was added dropwise at 80°C. The reaction
mixture turned dark green. Afer stirring for 15 mins at 80°C the mixture was
allowed to cool to room temperature and stirred for a further 12 h. The reaction

solvent volume was reduced to approximately 1 ml and the reaction mixture was
washed with diethyl ether (3%40 ml), to yield a dark green powder, (0.205 g.65%).
Analysis - Mass spectrum (FAB+) m/z: 576 [M]+, 544 [M-Cl]+, 454 [M-FeCl,]+
Example 13

13.1 - Preparation of 2 6-dialdiminepyridinebis(1-naphthil)

To 2,6-pyridinedicarboxaldehyde (0.658 g, 4.81 mmol) ) prepared as described in
Example 10.0 above, in absolute ethano! (40 ml), was added 1-aminonaphthalene
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(2.1 eq, 10.10 mmol, 1.448 g} and glacial acetic acid (catalytic, 1 drop). The
resulting mixture was refluxed (24 h). Cooling and recrystallisation (absolute
ethanol) yielded a yellow powder, (1.48 g, 80%). Analysis - Mass spectrum (EI)
385 [M]+

13.2 - Preparation of 2,6-dialdiminepyridinebis(1-naphthif)FeCl,

To FeCi; (0.20 g, 1.57 mmol) dissolved in hot, dry #-butanol (80 mi) at 80°C , a
suspension 2,6-dialdiminepyridinebis(1-naphthil) (0.610 g, 1.57 mmol, 1 eq) in
hot, dry, »-butanol (25 ml) was added dropwise at 80°C. The reaction mixture

turned green. After stirring for 15 mins at 80°C the mixture was allowed to cool to
room temperature and stirred for a further 12 h. The reaction solvent volume was
reduced to approximately 1 m! and the reaction mixture was washed, with digthyl
ether (3x40 ml} to yield a green pbwder, (0.57 g,71%). Analysis - Mass spectrum
(FAB+) m/z: 511 [MJ+, 476 [M-Cl]+, 441[M-Cl;]+, 386 [M-FeCly]+

Examples 10 to 13 - Polymerisation Tests

The iron complexes prepared in Examples 10 to 13 were tested in polymerisation
of ethylene under the following standard conditions, To the iron complex (0.01

" mmol), dissolved in toluene (40 ml, dry) in a Schienk tube, the cocatalyst

{methylaluminoxane - ‘MAQ”) was added (0.065 ml, 10 wt% in toluene, 100 eq
(Fe:Al = 1:100)) to produce an orange solution. The Schlenk tube was placed in a
water bath, purged with ethylene and the contents magnetically stirred and
maintained under | bar ethylene for the duration of the polymerisation. After 30
minutes the polymerisation was terminated by the addition of aqueous hydrogen
chioride. The insoluble, solid, polyethylene was recovered by filtration, washed
with methanol (50 ml) and dried (vacuum oven at 50 °C). The toluene solution was
dried over MgS0Qy, and the solvent removed under vacuum to yield traces of waxy
material. GC-MS of the toluene solution showed the waxy material to consist of -
olefins (vinyl terminated oligomeric hydrocarbons). The results of the
polymerisation tests are shown in the following Table.
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TABLE
Iron Cocatalyst | Solid | Soluble | MW | Activity /
complex | feq (note 1) |PE/g | PE solid g mmol'l
Example {note 2) | PE bar1irl
No.
10 MAO 3618 0085 15000 } 740
11 MAO 2,984 10.261 649
12 MAO 4.803 10.038 {33000 | 968
13 MAO 0.450 }0.601 9200 | 210

Notes on the Table

1) MAO obtained from the Aldrich Chemical Co

2) Recovered from the reaction medium. In Example 13 the Mw of the
soluble PE {palyethylene) was 300.

Examples 14 to 25

These Examples are a series of tests wherein ethylene or ethylene/[-hexene is
polymerised under 10 bars ethylene pressure using the catalysts of the present
invention under “slurry” polymerisation conditions.

Catalyst Preparation

The transition metal complexes employed as catalyst in Examples 14 to 25 were as
follows:

In Examples 14 and 15 the complex was 2,6-diacetylpyridinebis(2,6-
ditsopropylanil)FeCl, prepared as described in Example 1 (Formula D compound).
In Examples 16 to 20 the complex was was 2,6-diacetylpyridinebis(2,6-
dimethylanil)FeCl, prepared as described in Example 8.

In Example 21 the complex was 2,6-diacetylpyridinebis(2,4-dimethylanit)FeCl,
prepared as described in Example 7.

In Examples 22 to 24 the complex was
2,6-diacetylpyridinebis(2,4,6-trimethylanil)FeCl, prepared as described in
Example 9.

In Example 25 the complex was 2,6-diacetylpyridinebis(2, 6-diisopropylanil)CoCl,
prepared as described in Example 3 (Formula K).

Catalyst activation

The transition metal complex was dissolved in toluene {previously dried over

sodium metal) under a mitrogen atmosphere and there was added a sotution of
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activator (cocatalyst) at ambient temperature. The mixture was stirred at room
temperature then an aliquot transferred to the injection unit of a polymerisation

reactor. The quantities of reagents employed in the catalyst activation are set out

in the following Table. Al operations were conducted under a nitrogen
atmosphere unless specified. “MAO” is
methyl aluminoxane (1.78M in toluene supplied by Witco). “MMAOQ” is modified
methyl aluminoxane (10%w/w in heptane - supplied by Witco) were used as
purchased. Triisobutylaluminium (Al(iBu)s as a 1M solution in toluene was

supplied by Aldrich,
TABLE
Ex. | Metal {[Mewal)! Cocatalyst [Al] {[M]):|Al} | Tolu-| Solution
No. | Complex {(umols) 1unols ene | Molarity
(mg) type | (ml) (ml) ™)
14 3 5 MAO | 2.78 5 1;1000 | 20 00025
15 3 5 MAO | 2.78 3 1:1000 | 20 0.0025
16 1.3 3 MAO | 1.70 3 1:1060 10 0.0025
17 1.5 3 MMAO| 3.93 3 1:1000 10 0.0025
18 1.5 3 MAO | L70 3 1:1000 | 50 0.0006
19 1.5 3 MAG | L.70 3 1:1000 10 0.0025
20 1.5 3 MAQ | 0.17 3 1:1000 | 10 0.0025
21 L5 3 MAG | 1.70 3 1:1000 10 0.0025
22 3 6 MAQ | 3.22 6 141000 | 20 0.003
23 i.5 3 MAQ | 161 3 1:1000 10 0.003
4 3 6 MAQ | 032 | 03 1:100 20 0.003
25 3 5 MAO | 2.78 5 1:100¢ | 20 0.0025

Polymerisation Tests

The reagents used in the polymerisation tests were Ethylene Grade 3.5 (supplied by
Air Products), hexene (supplied by Aldrich) distilled over sodium/nitrogen and

triisobutylaluminium (1M in hexanes, supplied by Aldrich),

Polymerisation of Ethylene

A 1 litre reactor was baked out under a nitrogen flow for at least 1 hour at >85°C.
The reactor was then cooled 1o 50°C. Isobutane (0.5 litre) and

triisobutylaluminium were then added and the reactor was boxed in nitrogen. The

alkyl aluminium was allowed to scavenge for poisons in the reactor for at least 1

hour. Ethylene was introduced into the reactor until a predetermined over-
pressure was achieved then the catalyst solution was injected under nitrogen. The
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reactor pressure was maintained constant throughout the polymerisation run by
computer controlled addition of additicnal ethylene. The polymerisation time was

I hour. Upon termination of the run the reactar contents were isolated, washed
with acidified methanol (50ml HCL/2.51 methancl) and water/ethanol (4:1 viv) and
dried under vacuum, at 40°C, for 16 hours.

Copolymerisation of Ethylene/1 -Hexene (Example 19)

A 1 litre reactor was baked out under a nitrogen flow for at least 1 hour at >85°C.
The reactor was then cooled to 50°C, isobutane (0.5 litre), 1-hexene and
triisobutylaluminium were then added and the reactor was boxed in nitrogen. The
alkyl aluminium was allowed to scavenge for poisons in the reactor for at least 1
hour.  Ethylene was introduced into the reactor until a predetermined over-
pressure was achieved then the catalyst solution was injected under nitrogen. The
reactor pressure was maintained constant throughout the polymerisation run by
computer controlled addition of ethylene. The polymerisation time was 40
minutes. Upon termination of the run the reactor contents were isolated, washed
with acidified methanol (50ml HCY/2.5 methanol) and water/ethanol (4:1 v/v) and
dried under vacuum, at 40°C, for 16 hours.

Data from the polymerisation tests are set out below in the Table

TABLE

Ex. | {metal] | metal/ | C;Hy {Al(tBu);] polymer- polymer | activity | ppm
No. | (umols)| alum- | Bar | (ml) isation (g) (g/mmol

inoxane Temp. M/v/b)

Ratio (°K}
14 Q.5 (11000 10 3 323 26.9 5430 | 1.03
15 0.5 | LI1000| 10 3 298 45.0 9090 |0.61
16 0.6 {1:1000| 10 3 323 56.5 9340 10.60
17 0.6 11000, 10 3 323 574 951¢ | 0.59
18 0.12 [1:1000{ 10 3 323 33 2540 22
19 ] 06 [1:1000( 104 3 323 676 16690 10.50
20 0.6 L1000 10 3 323 74.5 12310 1 0.45
21 06 |I:1000| 10 3 323 78 1280 436
22 0.6 |1:1060] 10 3 323 63,1 11020 | 0.51
23 0.12 |1:1000( 1G 3 323 557 48690 | 0.11
24 0.6 1106 2 2 323 18.21 15150 | 1.84
25 0.8 11000 10 3 323 3.7 430 13.1
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# Example 19 iliustrated copolymerisation of ethylene with 1-hexene. 1-Hexene

(50ml) was included in the polymerisation.

homopolymerisation of ethylene.

The remaining Examples were all

“ppm” is defined as parts by weight of transition metal per million parts by weight

of polymer.

Molecular weight data of the polymers obtained from Examples 14 to 25 are set

out in the Table below.

TABLE
Ex. No. Mw Mn Mpeak PD
14 611000 64000 246000 9.5
15 857000 | 212000 | 451000 4.0
16 242000 9600 16000 253
17 278000 5700 1300 48.7
18 366000 50000 102000 73
19 377000 6500 43000 577
2l 470 360 370 13
25 14000 4200 12000 3.3
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Examples 26 and 27

Gas Phase Polymerisation Tests with Supported Catalysts

Examples 26 and 27 illustrate the use of the catalysts of the present invention
supported on silica support material. Example 26 employs 2,6-
diacetylpyridinebis(2,6-diisopropylanil)FeCl,, and Example 27 employs 2,6-
diacetylpyridinebis(2,4,6-trimethyianil)FeCl as the transition metal complex
compound..

Example 26
Preparation of the supported catalyst

2,6-Diacetylpyridinebis(2,6-diisopropylanil)FeCl, was prepared as described in
Example 1.

Silica (1.03g ES70, supplied by Crosfield), which had been heated under flowing
nitrogen at 700°C, was placed in a Schlenk tube, and toluene {10ml) was added.
The mixture was heated to 50°C. To a solution of 2,6-diacetylpyridinebis(2,6-
diisopropylanil}FeCl> (0.036g) in toluene (10ml) was added methylaluminoxane
(5ml, 1.78M in toluene, supplied by Witco). This mixture was heated at 50°C and
then transferred to the silica/toluene mixture. The silica/MAO/toluene mixture was
maintained at 50°C, with regular stirring, for 1 hour before the toluene was
removed, at 65°C, under vacuum 1o vield a free flowing powder.

Example 27

Preparation of the supported catalvst
2,6-Diacetylpyridinebis(2,4,6-trimethylanil)FeCl, was prepared as described in
Example 9. Silica (1.38g ES70, supplied by Crosfield), which had been heated
under flowing nitrogen at 700°C, was placed in a Schienk tube and toluene (10ml)
was added.

To a solution of 2,6-diacetylpyridinebis(2,4,6-trimethylanil)FeCl, (0.041g) in
toluene (10ml) was added methylaluminoxane (13.2ml, 1.78M in toluene, supplied
by Witco). This mixture was heated at 40°C for 30 minutes to dissolve as much of
the iron complex as possible. The solution was then transferred to the
siica/toluene. The silic/ MAQO/toluene mixture was maintained at 40°C, with
regular stirring, for 30 minutes before the toluene was remaoved, at 40°C, under
vacuum to yield a free flowing powder. Analysis of the solid gave 16.9 %ow/w Al
and 0.144 %w/w Fe.

Polymerisation Tests - Examples 26 and 27

The reagents used in the polymerisation tests were: hydrogen Grade 6.0 (supplied
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by Air Products): ethylene Grade 3.5 (supplied by Air Products): hexene
(supplied by Aldrich) distilled over sodium/nitrogen: dried pentane (supplied by
Aldrich): methylaluminium (2M in hexanes, suppiied by Aldrich): and
triisobutylaluminium (IM in hexanes, supplied by Aldrich).

A3 litre reactor was baked out under flowing nitrogen for at least 1 hour at 77 -
85°C before powdered sodium chloride (300g, predried under vacuum, 160°C, >4
hours) was added. The sodium chloride was used as a fluidisable/stirrable start-up
charge powder for the gas phase polymerisation. Trimethyl aluminium (3ml, 2M in
hexanes) was added to the reactor and was boxed in nitrogen. The alkyl aluminium
was allowed to scavenge for poisons in the reactor for between ' - 1 hour before
being vented using 4 x 4 bar nitrogen purges. The gas phase composition to be
used for the polymerisation was introduced into the reactor and preheated to 77°C
prior to injection of the catalyst composition. The catalyst (0.18 - 0.22g) was
injected under nitrogen and the temperature then adjusted to 80°C. The ratio of
hexene and/or hydrogen to ethylene during the polymerisation was kept constant
by monitoring the gas phase composition by mass spectrometer and adjusting the
balance as required. The polymerisation tests were allowed to continue for
between 1 to 2 hours before being terminated by purging the reactants from the
reactor with nitrogen and reducing the temperature to < 30°C. The produced
polymer was washed with water to remove the sodium chloride, then with acidified
methanol (50ml HCU/2.5L methanol) and finally with water/ethanol (41 viv). The
polymer was dried under vacuum, at 40°C, for 16 hours. Several Runs, using a
variety of operating conditions were carried out with each of the catalysts of
Examples 26 and 27. All the polymerisation tests were carried out at a
polymerisation temperature of 80°C and at an ethylene pressure of 8 bars. The
polymerisation conditions are set out in the following Table
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TABLE
Ex/ | Metal | MAO/ | other co-| H; | hexene| pentane | Run | Activity
Run }(%w/w)| Metal | cataiyst/ { (bar) | (bar) | (bar) |time| g/mmol
Ratio | (mmols) (min)| M/b
261 0.21 150 Fkwk ¥kkk Fkkk kkk 75 17
26.2| 0.2 £50 Bk (RRkE ) (105 | kR 90 77
26.3| 021 | 150 | TMA /6 |*¥x%| *kkid | wxdx | 4 149
2641 0.2] 150 | TMA /6 | 0,75 | **x* Hakk 60 318
27.1] 0.144 | 300 bl hidciol Minhll Mt 60 611
2720 0144 | 300 | TMA /6 | 0.5 | *k¥ | ik 60 832
27310144 | 300 | TMA /6| 0.5 0.2 b 60 1054
27410144 | 300 | TMA /6 } 0.5 | *¥** 2.4 60 1800
27.5( 0.144 | 300 [ TiBA /3 [*#¥x| *axx *xEx 60 713
27.6] 0.144 | 300 i J | Reex | kw0 301
27.7] 0.144 | 300 hkk  perxk) 086 Hrex 60 418

Molecular weight data on the polymer products is set out in the Table below.

20

25

30

Run | Catalvst | Mw Mn | Mpeak | Polydispersity
26.2 | Ex26 | 892000 ) 106000 | 332000 8.4
26.3 Ex26 | 278000 | 8400 } 95000 33.0
26.4 Ex26 | 195000 7200 | 43000 27.0
27.1 Ex27 [ 324000 ] 9300 | 134000 34.6
272 Ex27 | 223000 | 18000 | 42000 123
273 Ex 27 77000 [ 6000 | 21000 12.8
274 1 Ex27 | 154000 | 5700 | 28000 26.9
275 | Ex27 207000 | 4800 | 86000 43.1
27.6 | Ex27 | 69000 | 3400 | 14000 12.7
27.7 | Ex27 | 127000 | 14000 | 51000 93

The polymer obtained in Example 27.7 contained short chain branching (SCB)
35 corresponding to 1.6 n-butyl branches/1000C.
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Example 28

28.0 - Preparation of 2. 6-dialdiminepyridinebis(2.4,6-trimethvlanil
2,6-dimethanolpyridine (6.53 g, 0.048 mol) in absolute ethanol (50 ml), 2,4,6-
trimethylaniline (2.5 equivalents, 17.0 ml, 0.12 motl) and glacial acetic acid (3
drops) were mixed together and refluxed for 24 hours. On cooling the mixture,
yellow crystals of 2,6-dialdiminepyridinebis(2,4,6-trimethyianil) were separated
out (14.28g, 80% vield).

Analysis of the crystalline product by "H NMR.: (250 Hz) 8.42(s, 2H), 8.40 (s, 2H),
8.0(t,*J(HH) 8, TH), 7.0(s, 4H), 2.33(s, 6T, 2.19(s, 12H).

Mass spectrum; m/ z 369 [M]".

28.1 - Preparation of 2.6-dialdiminepyridinebis(2.4,6-trimethylanil}FeC1s
(Formula G) - see below

FeCls (0.10 g; 0.615 mmol) was dissolved in MeCN (25 ml) at room temperature
and 2,6-dialdiminepyridinebis(2,4,6-trimethylanil) (0.227 g, 0.615 mmol) added.
After 24 hours stirring at room temperature a red precipitate of 2,6-
dialdiminepyridinebis(2,4,6-trimethylanil)FeC1; (0.192 g, 60%) was collected and
dried. Analysis of the product: Mass spectrum: m / z 531 [M]’, 496 [M-C1Y",
462[M-2C17".

28.2 - Polymerisation Test

The 2,6-dialdiminepyridinebis(2,4,6-trimethylanil)FeCl5 (0.02 mmol) prepared as
above was dissolved in toluene (40 mi) in a Schienck tube, to give a red solution
and the cocatalyst (methylalumoxane), MAQ) (8,0 mmol, 460 equiv.) introduced
{formation of a orange solution was observed). The MAQO was supplied by
Aldrich (catalogue number: 40,459-4). The tube was purged with ethylene and the
contents stirred under 1 bar ethylene for the duration of the polymerisation. The
run was stopped after 0.5 hour by adding aqueous HCI sclution. Solid
polyethylene {1.5g) was collected by filtration, washed with methanol and dried in
a vacuum oven at 50°C. Polyethylene soluble in the toluene was isolated from the

filtrate by separation of the toluene layer from the aqueous layer, drying over
MgS0, and removal of the toluene by distillation. The weight of toluene-soluble
polyethylene obtained was 2.46g. The catalyst activity (based on the total weight
of polyethylene obtained) was 396 g mmolh'bar”.
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Example 29

Preparation of a catalyst from 2.6-diacetyipyridinebis(2.4.6-trimethylanil\FeCl,
2,6-diacetylpyridinebis(2,4,6-trimethylanil)FeCl, prepared as described in Example
9. To 2,6-diacetylpyridinebis(2,4,6-trimethylanil)FeCl, {17mg, 0.03mmol) '
dissolved in Et,0 (20ml), at -78°C, was added dropwise a solution of
trimethylsilylmethyl magnesium chloride(0.164mmol, 1M solution in E6O). The
solution was stirred for 10 minutes then allowed to warm to 0°C and stir for a

further 5 minutes. The reaction solvent was removed under reduced pressure. To
the iron complex was added trityltetra(pentafluorophenyl)borate(15Img,
0.164mmol) and toluene (20ml, dried) yielding a red solution. The Schienk tube
was purged with ethylene and the contents magnetically stirred and maintained
under 1 bar ethylene for the duration of the polymerisation. After 60 minutes the
polymerisation was terminated by addition of acidified methanol (S0ml HCI2.5L
methanol). The insoluable, solid, polyethylene was recovered by filtration, washed
with methanol/water (1:4 viv) and dried (vacuum oven at 40°C). Yield of solid
polyethylene 0.90g, a polymerisation activity of 28 gmmol'bar'h"

Reagents used in Example 29 were as foliows:

Trimethylsilylmethyl magnesium chloride{purchased from Aldrich as a IM solution
in Et;0)

Trityltetra(pentafluorophenyl)borate (purchased from Boulder)

Diethylether (purchased from Aldrich, dried over sodium)Toluene (purchased from
Aldrich, dried over sodium)

48

PCT/GB98/02638



WO 99/12981 PCT/GBY8/02638

1o

15

20

25

30

35

Examples 30 and 31

In these Examples, iron (1) complexes comprising tridentate pyridine-hydrazone
ligands in accordance with the present invention were synthesised and tested as
olefin polymerisation catalysts.

30.1 - Preparation of 2.6-bis(1-methyl 1-phenylhydrazone)pyridine
2.6-diacetylpyridine (5.0 g, 30.6 mmol) [Aldrich Chemicals] and 1-methyi,1-
phenylhydrazine (7.21ml, 61.3 mmol) [Aldrich Chemicals] in absolute ethanol were
stirred together and then heated to reflux for 12hours. On reducing the volume of
the solution by evaporating some of the ethanol and cooling to -20°C, yellow
needles of 2,6-bis(1-methyl, 1 -phenylhydrazone)pyridine were obtained which were
filtered off. Yield ca 90%. Mass spectrum:nvz. M"372. Analysis by 'H NMR
(300MHz, CDCls, 298K) 8:2.52 (s, 6H, CHiC=N), 3.32 (s, 611, CH;-N), 6.95-
8.31 (multiplets, 13H, aryls).

30.2 - Preparation of 2,6-bis(1-methyl, 1-phenylhydrazone)pyridine FeCl, complex
FeC1,.4H,0 (0.21 g; 1.06 mmol) and 2,6-bis(1-methyl, 1-phenylhydrazone)pyridine
(0.39 g; 1,06 mmol) were stirred together in anhydrous n-butanol (10 ml) and
heated at 80°C for 2 hours. The reaction was then allowed to cool down to room

temperature. Removal of volatiles in-vacuo, extraction into warm MeCN (30ml)
and cooling (-20°C) afforded the desired iron complex (Formula L below) as large
brown needles. Yield ca 85%.

31.1_- Preparation of 2.6-bis(1.1-diphenylhvdrazone)pyriding

This compound was prepared in analogous manner to that outlined in Example
30.1 using 2,6-diacetylpyridine (1.0 g, 6.13mol) and 1,1-diphenylhydrazine
hydrochloride (2.7g, 12.3 mmol) [Aldrich Chemicals]. Yield ca 85%. Analysis by
'H NMR (300MHz, CDCly, 298K) §:2.12 (s, 6H, CH>C=N), 7.09 - 8.35
(multiplets, 23H, aryls).

31.2 - Preparation of 2,6-bis(1,1-diphenyihydrazone)pyridine FeCl, complex

This complex (see Formula M below) was prepared by an analogous manner to
that outlined in Example 30.2 from FeC1,.4,0 (0.5 g, 2.51 mmol) and 2,6-
bis(1,1-diphenylhydrazone)pyridine (1.19 g, 2.52 mmol). Yield ca 70%

Mass spectrum:m/z M'- C1 586,

30.3 and 30.4 - Polymerisation Tests

The iron complexes prepared in Examples 30.2 and 31.2 were tested in
polymerisation of ethylene under the following standard conditions. To the iron
complex, dissolved in teluene (40ml, dried over sodium wire) in a Schlenk tube,
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the cocatalyst (methylaluminoxane - “MAO”) was added. The “MAO” was
purchased from Witco as a 1.78M solution in toluene. The Schienk wbe was
purged with ethylene and the contents magnetically stirred and maintained under 1
bar ethylene for the duration of the polymerisation. After 60 minutes the
polymerisation was terminated by addition of acidified methanol (50m! HCV2.5
litres methanol). The insoluble, solid, polyethylene was recovered by filtration,
washed with methanol/water (1:4 v/v) and dried (vacuum oven at 50°C). For
Example 30, the produced polyethylene solutich was dried over MgS0, and the
solvent removed under vacuum fo yield traces of a waxy material. The results of
the polymerisation tests are shown in the following Table

TABLE

Ex. | Catalyst | Cocatalyst | Fe:Al | Solid [ Sol. | Activity
/mmol | /mmol | Ratio| PE/g | PE | /gmmol”

bar'n’
30| 0.02 8 1:400 - 0.04 2
31| 0.008 3.2 1:4G0 | 1.01 - 130
Formula L
R =Melhyl
Formula M
R = Phenyl

Example 32

321 - Preparation of a supported Ziegler catalyst component

Sitica (20 kg), grade ES 70 supplied by Crosfield, which had been dried at 800°C
for 5 hours in flowing nitrogen, was slurried in hexane (110 litres) and
hexamethyldisilazane (30 moles}, supplied by Fluka, was added with stirring at
50°C. Dry hexane (120 litres) was added with stirring, the solid allowed to settle,
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the supernatant liquid removed by decantation and further dry hexane (130 litres)
was added with stirring. The hexane washing was repeated a further 3 times.
Dibutylmagnesium {30 moales), supplied by FMC, was added and stirred for 1 hour
at 50°C. Tertiary butyl chloride {60 moles) was added and stirred for 1 hour at
50°C. To this slurry was added an equimolar mixture of titanium tetrachloride (3
moles), and titanium tetra-n-propoxide (3 moles) with stirring at 50°C for 2 hours,
followed by 5 washings with dry hexane (130 litres). The slurry was dried under a
flowing nitrogen stream to give a solid, silica supported Ziegler catalyst
component.

32.2 - Preparation of a mixed catalyst containing a Ziegler component and a

transition metal compound of the Present Invention

A solution of methylaluminoxane (“MAQO”, 10.2 mmol) as a 10% wt solution in
toluene, supplied by Witco, was added to a suspension of

2 6-diacetylpyridinebis(2,4,6-trimethylanil)FeCl, (0.07mmol in Sml dry toluene),
prepared as in Example 9, and the mixture shaken for 5 minutes. This solution was
then added to 2.0g of the silica supported Ziegler catalyst prepared above
(Example 32.1), the mixture shaken for 2 hours at 20°C and then the solvent
removed under reduced pressure at 20°C to yield the mixed catalyst as a free
flowing powder.

32.3_-_Polymerisation_of ethylene/hexene mixture using the mixed catalyst

A 3 litre reactor equipped with a helical stirrer was heated to 95°C for 1 hour with
dry nitrogen flowing through. The temperature was reduced to 50°C and dry
sodium chloride (300g) was then added with trimethylaluminium (TMA} solution
(2ml of 2 molar TMA in hexane) and the reactor heated at 85°C for 2 hours. The
reactor was purged with nitrogen, cooled to 50°C and TMA solution (3ml of 2
molar TMA in hexane) added. The temperature was raised to 77°C and hydrogen
(0.5 bar) and ethylene (8 bar) added prior to the addition of 1-hexene (2.6mi).
Reaction was started by injection into the reactor of the mixed catalyst {0.20g)

prepared above. The temperature was maintained at 80°C and ethylene added to
maintain constant pressure. The gas phase was monitored by a mass spectrometer
and hydrogen and 1-hexene added as necessary to maintain constant gas phase
concentrations of these components. The polymerisation was carried out for 90
minutes. The polymer was washed with water to remove the sodium chloride, then
with acidified methanol (50 ml HCI/2,5 litres methanol) and finally with
water/ethanol (4:1 v/v ). The polymer was dried under vacuum, at 40°C for 16
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hours. 111g of dried potymer was produced. The polymer had a broad melecular
weight distribution (as determined by gel permeation chromatography. The
polydispersity (Mw/Mn) was 28.5. '

Example 33

33.1 - Pre-impregnation of support with activator compound

All the following operations were conducted under a nitrogen atmosphere unless
stated. Silica (Crosfield grade ES70X) was heated under flowing nitrogen at 250°
for 16 hours . A sample of this silica (2.5g) was placed in a Schlenk tube and had
12.1 ml of 1.78M methylaluminoxane, MAO (supplied by Witco) added to it to
form a slurry. The slurry was heated for 4 hours at 50°C before being left for 10
days at room temperature. The supernatant liquid above the silica was removed
and the silica/MAO washed three times with toluene (3 X 10ml) at room
temperature, removing the supernatant solution each time.

332 - Supperting the Catalyst

(2,6-diacetylpyridinebis(2,4,6 trimethyl anil) iron dichloride (0.101g) (prepared as
described in Example 9) was slurried in tofuene (20ml), at room temperature, and
added to the silica™AQ. The mixture was occasionally shaken over a 1 hour
period. The supernatant solution was removed and the silica/MAO/Fe complex was
washed with toluene until the filtrate was colourless. The solid was dried under
vacuum at 50°C.

33.3 - Gas Phase Polymerisation of ethylene

A 3 litre reactor was baked out under flowing nitrogen for at least 1 hour at 77°C
before sodium chioride (300g, <lmm diameter particles, predried under vacuum,
160°C, >4 hours) was added. The sodium chloride was employed merely as a
standard “charge powder” for the gas phase polymerisation reactor. Trimethyl
aluminium (3ml, 2M in hexanes, supplied by Aldrich) was added to the reactor
which was then closed. The alkyl aluminium was allowed to scavenge for poisons
in the reactor for % hour before being vented by successive pressurising and
purging the reactor with 4 bar of nitrogen. Ethylene (Grade 3.5, supplied by Air
Products) was added to the reactor to give a pressure of 8 bar, at 77°C, prior to
catalyst injection. The supported catalyst {0.215g) prepared as described in
Example 33.2 was injected into the reactor under nitrogen and the temperature
then adjusted to 80°C. The polymerisation was allowed to continue for 5 hours
before being terminated by purging the ethylene from the reactor, using nitrogen,
and reducing the temperature to below 30°C. The polymer was washed with water
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to remove the sodium chloride, then with acidified methano! (50m] HCI/2.5 fitres
methanol) and finally with water/ethanol (4:1 v/v). The polymer was dried under
vacuum, at 40°C, for 16 hours. 161 g of dried polymer was produced.

Example 34 _- Polvmerisation Catalyst madified with a neutral Lewis Base

The 2,6-diacetylpyridinebis(2,6-diisopropylanil)FeCl, complex prepared in
Example 1 was tested in polymerisation of ethylene under the following standard
conditions. To the iron complex (8umol) dissolved in dried toluene (10m!) in a
Schlenk tube, a solution of N,N-dimethylaniline in toluene (10ml}) then the
cocatalyst (methylaluminoxane - ‘MAQO’, 8mmol of a 1.78M MAO sclution in
toluene, supplied by Witco, reference AL 5100/10T) was added. The contents of
the Schlenk were magnetically stirred and maintained under | bar ethylene for the
duration of the polymerisation. After 60 minutes the produced polymer was
washed with acidified methanal (50m! HCI/2.5 litres methanol) and finally with
water/ethanol (4:1 v/v). The polymer was dried under reduced pressure, at 40°C,
for 16 hours. Several runs, using a variety of operating conditions were carried out
and the polymerisation conditions are set out in the following Table.

Run {DMA | Fe/DMA | Activity| Mw | Mn | Mw/Mn
umo!l | Ratio
34.1| 8 1 890 790 | 660 1.2
34.2| 80 10 617 1000 | 720 1.4
34.31 800 100 892 163000 [4825( 20.7

C - - 1030 (89000 {1100) 77.8

Notes on the Table

DMA is N,N-dimethylaniline

Activity is expressed as g polymer mmol” transition metal h™'bar”
C = Comparative Test using no DMA

Examples 35 to 38

These illustrate the preparation of supported catalysts in accordance with the
present invention and their use in the polymerisation of ethylene under “slurry”
polymerisation canditions.
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Example 35

35.1 - Preparation of 2.6-diacetylpyridinebis{2 4.6 trimethyl anil) iron dichloride
supported on MAQ/silica

Silica support material (grade ES70X supplied by Crosfield) was heated under
flowing nitrogen at 250°C for 16 hours . A sample of this silica was placed in a
Schlenk tube and 12.1 ml of 1.78M methylaluminoxane ("MAQO” supplied by
Witco) was added to it to form a slurry. The slurry was heated for 4 hours at 50°C
before being left for 10 days at room temperature. The supernatant liquid above
the silica was then removed and the silica/MAQ washed 3 times with toluene (10

ml) at room temperature, removing the supernatant solution each time. 2,6-
diacetylpyridinebis(2,4,6 trimethyl anil) iron dichloride complex {0.101g) was
slurried in toluene (20 ml), at room temperature, and added to the silica./MAQ.
The mixture was occasionally shaken over a | hour period. The supernatant
solution was removed and the produced silica-supported MAO/Fe complex washed
with toluene until the initial washings, which were light orange in colour, became
clear and free from colour, The produced silica-supported catalyst solid was dried
under vacuum at 50°C.

35.2 - Polymerisation of Ethvlene

A 1 Iitre reactor was heated under flowing nitrogen (2 litres/min) for | hour at
95°C. The reactor was cooled to 40°C and 500 ml of isobutane added. The
temperature of the reactor was raised to 80°C and ethylene admitted to the reactor
to give a partial pressure of 10 bar, The supported catalyst prepared in 35.1 above
(0.201g, slurried in 10 mi of toluene) was injected under nitrogen and the pressure
increase in the reactor taken inta account during control of the reactor pressure
during the polymerisation test. The test was terminated after 1 hour and the
polymer dried under vacuum at 40°C. 5.9g of polymer was recovered. Analysis of
the polymer by GPC indicated Mw and Mn to be 124000 and 15000 respectively.
35.3 - Polymerisation of Ethylene

A 1 litre reactor was heated under flowing nitrogen for 3 hours at 80°C., The
reactor was cooled to less than 30°C and 500 ml of isobutane added. Trimethyl
aluminium (3 ml of 2M in hexanes) was added to the reactor and this was then
heated to 80°C. The pressure in the reactor increased to 13.8 bar and then ethylene
was admitted to give a total pressure of 23.8 bar. The supported catalyst prepared
in 35.1 above (0.201g of the supported catalyst solid in toluene shurry) was injected
into the reactor under nitrogen causing the reactor pressure to increase to 25.4 bar.
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The catalyst activity was slightly too high for the ethylene inlet flow to keep the
pressure constant and this was therefore allowed to fall to 23.2 bar. The ethylene
pressure present in the reactor for the majority of the polymerisation was estimated
to be 7.8 bar. The test was terminated after 1.75 hours and the polymer washed
with methanol/HCI (2.5 litres/50 ml), then water/ethanol (4:1 v/v) and dried under
vacuum at 40°C. 166g of dry polymer was recovered. Analysis of the polymer by
GPC indicated Mw and Mn to be 182000 and 11000 respectively.

Example 36

36.1 - Preparation of 2 6-diacetylpyridinebis(2.4 6 tnmethyl anil) iron dichloride
supported on MAO/silica

A portion (zbout 1-1.5g} of the supported catalyst prepared in Example 35.1 was
washed with 5 x 10 ml aliquots of toluene at 100°C. The initial washings had a
deep orange colour and this coloration became less with each subsequent washing
until the final washing was clear of colour. The solid was dried under vacuum at
100°C to provide free-flowing solid supported catalyst.

36.2 - Polymerisation of Ethylene

A 1 litre reactor was heated under flowing nitrogen for I hour at 75°C. Trimethyi
aluminium (3 ml of 2M in hexanes) was added to the reactor which was then
cooled to 50°C. Isobutane (500 ml) was added to the reacior and the temperature
increased to 76°C. The pressure in the reactor increased to 13 bar. Ethylene was
admitted to the reactor to give 21 bar total pressure (8 bar ethylene). The
supported catalyst prepared in 26.1 above ( 0.11g in toluene slurry) was injected
into the reactor and the pressure increase taken into account during control of the
reactor pressure during the test. The temperature was increased to 80°C. After 1
hour a further aliquot of the same catalyst was injected (0.22g in hexane slurry) and
the test continued for a further 3.5 hours, 25g of polymer was recovered. Analysis
of the polymer by GPC indicated Mw and Mn to be 343000 and 35000
respectively.

Example 37

37.1 - Preparation of 2.6-diacetylpyridinebis(2.4.6 trimethyl anil) iron dichloride
supported on MAO/silica

Methyl aluminoxane (24 ml of 1,78M in toluene, supplied by Witco) was added to
silica (5g of grade ES70X supplied by Crosfield) which had been heated under
flowing nitrogen at 250°C. The silica/MAQ was heated at 80°C for | hour before
being washed toluene (5 x 10 ml aliquots). Half of the produced silica/MAO
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slurry, cooled to room temperature, was used for the next stage of the catalyst
preparation (the other half was put aside for use in Example 38).
2,6-Diacetylpyridinebis(2,4,6 trimethyl anil) iron dichloride (73 mg) was slurried in
toluene and transferred to the half-portion of silica/MAO/toluene and lefi to react
for 2 hours with occasional mixing. The silicaMAO/Fe complex was washed with
toluene (3 x 10 ml aliquots) at room temperature and then with hexane (2 x 10 ml
aliquots) at room temperature to remove the toluene before finally being washed
with hexane at 80°C (3 x 10.m! aliquots). The produced supported catalyst solid
was dried under vacuum at room temperature. The solid contained 0.107 weight %
Fe.

37.2 - Polymerisation of Ethylene

A 1 litre reactor was heated under flowing nitrogen for 1 hour at 80°C. The reactor
was cooled to less than 30°C and 500 ml of isobutane added. The reactor was
heated to 77°C and the pressure increased to 13.8 bar. Ethylene was added to give
21.8 bar total pressure (8 bar ethylene). Triisobutyl aluminium (5 ml of 1M in
hexanes) was added to the reactor and after 20 minutes the supported catalyst
prepared in 37.1 above (0.14g in hexane slurry) was injected into the reactor and
the pressure increase taken into account during control of the reactor pressure
during the test. The temperature was increased to 80°C. After 5 hours the
polymerisation was terminated. 138g of polymer was recovered. Analysis of the
polymer by GPC indicated Mw and Mn to be 367000 and 53000 respectively. The
produced polymer contained 1.02 ppm of Fe arising from the catalyst.

37.3 - Polymerisation of Ethviene

A 1 litre reactor was heated under flowing nitrogen for 1 hour at 78°C., The reactor
was cooled to less than 30°C and 500 ml of isobutane added. Triisobutyl
aluminium (3 m! of 1M in hexanes) was added to the reactor which was then
heated to 78°C and the pressure increased to 12.1 bar. Ethylene was added to give
32.0 bar total pressure (19.9 bar ethylene}. The supported catalyst prepared in 37.1
above (0.0925g, slurried in hexane) was injected into the reactor and the total
pressure was controlled at 31.2 bar. The ethylene pressure during the
polymerisation was estimated to be approximately 19.1 bar. Polymerisation was
allowed to continue for 80 minutes. 181g of polymer was recovered. Analysis of
the polymer by GPC indicated Mw and Mn to be 595000 and 44000 respectively.
The polymer contained 0.51 ppm of Fe arising from the catalyst.
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37.4 - Polymerisation of Ethylene

A 1 litre reactor was heated under flowing nitrogen for 1 hour at 80°C before being
cooled to less than 30°C. Triisobutyl aluminium (3 m! of 1M in hexanes) was
added to the reactor followed by 500 m! of isobutane. The reactor was heated to
78°C and the pressure increased to 13.5 bar. Ethylene was added to give 17.6 bar
total pressure (4.1 bar ethylene). The supported catalyst prepared in 37.1 above
(0.15g, slurried in hexane) was injected into the reactor . The ethylene pressure
during the pelymerisation was estimated to be approximately 4.7 bar.
Polymerisation was allowed to continue for 80 minutes. 21g of polymer was
recovered. Analysis of the polymer by GPC indicated Mw and Mn to be 347000
and 26000 respectively.

Example 38

38.1 - Preparation of 2.6-diacetyipyridinelis(2,6 diisopropyt anil) cobalt dichloride
supported on MAO/silica

The second half of the silica/MAO made in Example 37.1 was dried under
vacuum. An aliquot of the dried silica/MAO (1g) was placed in to a Schienk tube
and 2,6-diacetylpyridinebis(2,6 diisopropyl anil) cobalt dichloride (40 mg) added 1o
this as a dry powder. Hexane (10 ml) was then added to the Schlenk tube and the
cobalt complex and silica/MAO slurried together for I hour at room temperature.

The mixture was dried under vacuum at room temperature to leave the produced
supported catalyst as a dry, free flowing powder.

38.2 - Potymerisation of ethylene

A 1litre reactor was heated under flowing nitrogen for 1 hour at 80°C before
being cooled to 30°C. Hexene (250 ml), triisobutyl aluminium (3 ml of IM in
hexanes) and 250 ml of isobutane were added to the reactor. The reactor was
heated to 80°C and the pressure increased to 7.1 bar. Ethylene was added to give
19.2 bar total pressure (12.1 bar ethylene). The supported catalyst prepared in
above (0.245g, slurried in hexane) was injected into the reactor and the pressure
increase taken into account during control of the reactor pressure during the test.
Polymerisation was allowed to continue for 330 minutes. 3.3g of polymer was
recovered. Analysis of the polymer by GPC indicated Mw = 5300 and

Mn = 1500,

Example 39 - Polymerisation of ethylene in slurry phase using a supported catalyst

A series of polymerisation tests was carried out using a catalyst based on a
supported 2,6-diacetylpyridinebis(2,4,6 trimethyl anil) iron dichloride.
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Example 39.1

A 1 litre reactor was heated under flowing nitrogen for 1 hour at 80°C before being
cooled to 30°C. Isobutane (500ml) followed by triisobutyl aluminium (3 ml of IM
in hexanes) was added to the reactor, The reactor was heated to 78°C and the
pressure increased to 13.2 bar. Ethylene was added to give 26.2 bar total pressure.
The catalyst of Example 37.1 (0.097g, slurried in hexane) was injected into the
reactor. The reactor pressure was controlled at 26.0 bar during the test (ethylene
pressure estimated to be approximately 12.8 bar) and the temperature adjusted to
80°C. Polymerisation was allowed to continue for 60 minutes. 78g of polymer was
recovered. Analysis of the polymer by GPC indicated Mw and Mn to be 528000
and 40000 respectively.

Example 39.2

A 1 litre reactor was heated under flowing nitragen for 1 hour at 80°C before being
cooled to 30°C. 1sobutane (500ml) followed by triisobuty] aluminium (3 ml of 1M
in hexanes) was added to the reactor. The reactor was heated to 78°C and the
pressure increased to 13.4 bar. Ethylene was added to give 21.2 bar total pressure.
The catalyst of Example 37.1 (0.124g, slurried in hexane) was injected into the
reactor, The ethylene pressure was estimated to be approximately 8.1 bar during
the polymerisation and the temperature adjusted to 80°C. Polymerisation was
allowed to continue for 60 minutes. 47g of palymer was recovered. Analysis of the
polymer by GPC indicated Mw and Mn to be 376000 and 40000 respectively.
Example 39.3

A 1 litre reactor was heated under flowing nitrogen for 1 hour at 80°C before being
cooled to 30°C. Triisobutyl aluminium (3 m! of 1M in hexanes) was added to the
reactor followed by 500 ml of isobutane. The reactor was heated to 78°C and the
pressure increased to 13.0 bar. Ethylene was added to give 26.0 bar total pressure.
The catatyst of Example 37.1 (0.0966g, slurried in hexane and 0.25ml of

NN dimethytaniline for 20 minutes) was injected into the reactor . The pressure in
the reactor was allowed to fall to 22.5 bar to reduce the activity of the catalyst.
The ethylene pressure in the reactor during the majority of the polymerisation was
estimated to be 9.0 bar. Polymenisation was allowed to continue for 60 minutes.
88g of polymer was recovered. Analysis of the polymer by GPC indicated Mw and
Mn to be 430000 and 35000 respectively.
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Example 39.4

A 1 litre reactor was heated under flowing nitrogen for 1 hour at 80°C before being
cooled to 30°C. Triisobutyl aluminium (3 ml of IM in hexanes) was added to the
reactor followed by 500 ml of isobutane. The reactor was heated to 78°C and the
pressure increased to 12.7 bar. Ethylene was added to give 14.7 bar total pressure.
The catalyst of Example 37.1(0.104g, slurried in hexane) was injected into the
reactor . The ethylene pressure during the polymerisation was estimated to be
approximately 2.2 bar. Polymerisation was allowed to continue for 60 minutes.4.8g
of polymer was recovered. Analysis of the polymer by GPC indicated Mw and Mn
to be 340000 and 36000 respectively.

Example 40

40.1 Preparation of 2. 6-diacetylpyridinebis(triphenyimethyliming)

To a solution of 2,6-diacetylpyridine (0.34 g; 2.1 mmol) in toluene (75 ml) was
added triphenylmethylamine (1.20 g; 4.6 mmol.}. After the addition of toluene
sulphonic acid-monohydrate (0.05 g) the solution was refluxed overnight through a

Dean-Stark apparatus. Upon cooling to room temperature the volatile components
of the reaction mixture were removed /i vacuo and the product crystallised from
methanol. The product was filtered, washed with cold methanol and dried in a
vacuum oven (30°C) overnight. The yield was 1.02 g (33 %).

40.2 Preparation 2.6-diacetylpyridinebis(triphenyimethylimineFeBrs

FeBr; (0.182 g; 0.84 mmol) was dissolved in hot n-butanol (30 m!) at 80°C and
solid 2,6-diacetylpyridinebis(triphenylmethylamine) (0.60 g; 0.93 mmol) was added

in a number of portions. The reaction mixture turned purple. After stirring at 80°C
for 60 minutes the reaction was allowed to cool down to room temperature.
Stirring was continued for 25 hours, The volatile components of the salution were
removed under reduced pressure and the resultant purple solid washed with
pentane {2 x 20 ¢m®) and dried in vacio. The yield was 0.362 g (64 % of
theoretical).

40.3 Polymerisation Test

A polymerisation test was carried out using the following procedure. The 2,6-
diacetylpyridinebis(triphenylmethylamine)FeBr; catalyst (0.008 millimoles) was
added to a Schienk tube , suspended in teluene {15 ml) and methylalumoxane
cocatalyst (“MAQ”) was added to provide a mole ratio of MAO: Fe complex of
1000:1. The tube was purged with ethylene and the contents were mechanically
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stirred and maintained under 1 bar ethylene for the duration of the polymerisation.
After ninety minutes the polymerisation was terminated by the addition of aqueous
hydrogen chloride. The produced solid polyethylene was filtered off, washed with
methanol and dried in & vacuum oven at 50°C. The yield of polyethylene was
0.185g. This corresponds to a catalyst activity of 16 g mmol i bar’. No attempt
was made to measure the quantity of any scluble polymer that may have been
produced in this Example.
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CLAIMS

1. A process for the polymerisation of 1-
olefins to produce a polymer, the process including the
steps of: (a) contacting monomer under polymerisation
conditions with a polymerisation catalyst, and

(b) adding hydrogen gas to control the average
molecular weight of the polymer,

wherein the polymerisation catalyst includes:

component (A) - a nitrogen-containing transition
metal compound of Formula B:

< RF
/
—yl

\

— M[T] — (T/b).X

Formula B
wherein M[T] is Fe[II], Fe[III], ColI}, ColII],
Co{III}, RulIIl, Ru(III]l, RulIV], Mn[I], Mn[II], Mn(III)
or Mn([IV]; X represents an atom or group covalently or
ionically bonded to the transition metal M; T is the
oxidation state of the transition metal M; b is the

1 and R® are

valency of the atom or group X; R', R’, R, R
independently selected from hydrogen., halogen,
hydrocarby}, substituted hydrocarbyl. heterohydrocarbyl or
substituted heterohydrocarbyl and such that {1):

when M is Fe, Co or Ru, R” and R’ are
independently selected from hydrogen, halogen,
hydrocarbyl. substituted hydrocarbyl., heterohydrocarbyl or
substituted heterohydrocarbyl; and when any two or more of
R! - R” are hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyl or substituted heterohydrocarbyl. said
two or more can be linked to form one or more cyclic

substituents,

CWBPISLARMMSS Y Isabe I Spea o 8050 b TL 0% 02




or such that (2):
when M is Fe, Co, Mn or Ru, then R’ is
represented by the group "P" and R’ is represented by the

group "Q” as follows:

5
R RY R
R @ R® R® @ &P
Lo R'® R R

wherein R' to R?*® are independently selected from
hydregen, halogen, hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyl or substituted heterohydrocarbyl; when
15 any two or more of R!' to R', R® and R* to R*® are
hydrocarbyl, substituted hydrocarbyl., heterohydrocarbyl or
substituted heterchydrocarbyl, said two or more can be
linked to form cone or more cyclic substituents; with the
proviso that at least one of R, R*®, R?' and R is
20 hydrocarbyl., substituted hydrocarbyl, heterchydrocarbyl or
P substituted heterohydrocarbyl when neither of the ring

systems P and Q forms part of a polyaromatic fused-ring

AN system,
5 or such that (3)
:}’H 25 when ¥ is Fe, Co, Mn or Ru, then R® is a group

having the formula -NR?’R*® and R’ is a group having the

formula
.T.i -NR¥R*?, wherein R? to R* are independently selected from
et hydrogen, halogen, hydrocarbyl, substituted hydrocarbyl.
TS 30 heterchydrocarbyl or substituted heterchydrocarbyl; when

any twe or more of R' to R', R® and R to R*? are
. hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl or

substituted heterohydrocarbyl, said two or more can be

linked to form orle or more cyclic substituents; and
35 component (B) - an activating quantity of an
activator compound selected from organcaluminium compounds

and hydrocarbylboron compounds.
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2. A process for the polymerisation of 1-
olefins to produce a polymer, the process including
contacting monomer under gas phase polymerisation
conditions with a polymerisation catalyst as defined in

claim 1.

3. A process as claimed in claim 2 wherein the
gas phase polymerisation conditions are gas phase
fluidised bed polymerisation conditions within a fluidised

bed reactor.

4. A process as claimed in claim 3 further
including intreducing volatile liguid to the fluidised bed
under conditions such that the liquid evaporates in the
fluidised bed to thereby absorb heat from the fluidised
bed.

5. A process as claimed in claim 4 wherein the
volatile liquid is condensed out in a heat exchanger

externally of the fluidised bed reactor.

6. A process as claimed in claim 5 wherein the

volatile liquid is separated from a recycle gas.

7. A process as claimed in any one of claims
4-6 wherein the volatile liquid is introduced to the

fluidised bed by being sprayed into the fluidised bed.

8. A process as claimed in any one of claims
4-5 wherein the volatile liquid is introduced to the
fluidised bed by being recycled to the fluidised bed with
recycle gas.

9. A process as claimed in any one of claims
3-8 wherein fluidising gas for the fluidised bed contains

an inert gas.
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10. A process as claimed in claim 9 wherein the

inert gas is nitrogen or pentane.

11. A process as claimed in any one of claims
3-10 wherein the polymerisation catalyst, or one or more
of the components of the polymerisation catalyst, is/are
introduced into a polymerisation reaction zone of the

fluidised bed reactor in liquid form.

12. A& process as claimed in claim 11 wherein
liquid containing the polymerisation catalyst or
component {s) thereof is sprayed as fine droplets into the

polymerisation reaction zone.

13. A process as c¢laimed in any one of the
preceding claims wherein the monomer is ethylene,
propylene, butene, hexene, methyl methacrylate, methyl
acrylate, butyl acrylate, acrylonitrile, vinyl acetate or

styrene.

14. A process for the copolymerisation of 1-
olefins to produce a copolymer, the process including
contacting monomers under polymerisation conditions with a

polymerisation catalyst as defined in claim 1.

15. A process as claimed in claim 14 wherein

the copolymer is an ethylene copolymer.

16. A process as claimed in claim 15 wherein
the ethylene copolymer is an ethylene/propylene copolymer,
an ethylene/l-butene copolymer, an ethylens/l-hexene
copolymer, an ethylene/4—methy1pentene-l copolymer, or an

ethylene/octene copolymer.

17. A process as claimed in any one of claims

2, 14. and any claim depending from claim 2 or claim 14
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further including adding hydrogen gas to control the

average molecular weight of the (co)polymer.

18. A process as claimed in any one of the
preceding wherein the (co)polymerisation is conducted at

temperature in the range 50-120°C.

19. A process as claimed in any one of the
preceding claims wherein the (co)polymerisation is

conducted at a pressure in the range 10-50 bar.

20. A process as claimed in any one of claims
and 14-16 wherein the polymerisation conditions are
solution phase polymerisation conditions, slurry phase
polymerisation conditions, or gas phase polymerisation

conditions.

21. A process as claimed in any one of the
preceding claims wherein the activator compound is a
trialkylaluminium compound.

22. A process as claimed in any one of claims

1-20 wherein the activator compound is an alumoxane.

23. A process as claimed in any one of claims
1-20 wherein the activator compound is dimethylphenyl-
ammoniumtetra{phenyl}borate, trityltetra(phenyl)borate,
triphenylboron, dimethylphenylammonium tetraf{penta-
fluorophenyl)borate, scdium tetrakis[(bis-3,5-trifluoro-
methyl)phenyl]lborate, H' (QEty) [(bis-3,5-trifluoromathyl) -
phenyllborate, trityltetral(pentafluorophenyl)borate, or

tris(pentafluorophenyl)boron.

24. A process as claimed in any one of the
preceding claims wherein the polymerisation catalyst

further includes component (C}) - a neutral Lewis base.
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25. A process as claimed in claim.24 wherein
the neutral Lewis base is a tertiary amine or aromatic

ester.

26. A process as claimed in any one of the
preceding claims wherein the polymerisation catalyst is

supported on a support material.

27. A process as claimed in claim 26 wherein
the support material is silica, alumina, zirconia, a

polymer, or a prepolymer.

28. A process as claimed in claim 22 wherein
the polymerisation catalyst is prepared by a method
including the steps of treating component (A) with
alumoxane in a volatile hydrocarbon inert diluent to form
a treatment product, slurrving a particulate support
material with the treatment product to form a slurry
product, and evaporating the volatile diluent from the

slurry preduct to form a supported catalyst.

29. A process as claimed in claim 28 wherein
the supported catalyst prepared by the method is a free-
flowing powder.

30. A& process as claimed in any one of the
preceding claims substantially as herein described.

31. Polymer or copolymer produced by a process

as claimed in any one of the preceding claims.

Dated this 21°% day of August 2002
BP Chemicals Limited

By its Patent Attorneys
GRIFFITH HACK
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