
WO 2004/O56480 PCT/ZA2003/000188  TANDEM
TETRAMERISATION-POLYMERISATION OF OLEFINS Field of the
invention This invention relates to a tandem
tetramerisation and polymerisation catalyst system
and a process for the production of branched
polyolefins wherein the polymerisation  catalyst can
be homogeneous or supported on a support medium.
Background to the invention This invention relates to
catalyst systems that facilitate the selective
production of 1- octene in combination with a suitable
polymerisation catalyst so that the in situ
polymerisation of the formed 1-octene with the
available ethylene feedstock takes place.  Preferably,
ethylene tetramerisation and polymerisation take place
at the same time  under the same reaction conditions.
With regard to the oligomerisation catalysts used in
this application that are used for the  production of
1-octene, the art does not teach a commercially
successful process for the  tetramerisation of
ethylene to produce 1-octene selectively. Conventional
ethylene  oligomerisation technologies produce a range
of a-olefins following either a Schulz-Flory  or
Poisson product distribution. By definition, these
mathematical distributions limit the  mass %. of the
tetramer that can be formed and make a distribution of
products. In this  regard, it is known from prior art
(US patent 6,184,428) that a nickel catalyst
comprising  a chelating ligand, preferably 2-diphenyl
phosphino benzoic acid (DPPBA), a nickel  compound,
preferably NiC12.6H20, and a catalyst activator,
preferably sodium  tetraphenylborate, catalyse the
oligomerisation of ethylene to yield a mixture of
linear  olefins containing 1-octene. The selectivity
towards linear C8 a-olefins is claimed to be  19%.
Similarly the Shell Higher Olefins Process (SHOP
process, US patents 3,676,523  and 3,635,937) using a
similar catalyst system is reported to typically yield
11 mass % 1- octene in its product mixture (Chem
Systems PERP reports 90-1, 93-6 and 94/95512).
Ziegler-type technologies based on trialkylaluminium
catalysts, independently developed  by Gulf Oil
Chemicals Company (Chevron, e.g. DE patent 1,443,927)
and Ethyl  Corporation (BP/Amoco, e.g. US patent
3,906,053), are also commercially used to   WO
2004/056480 PCT/ZA2003/000188  oligomerise ethylene to
produce mixtures of olefins that reportedly contain
13-25 mass  



% 1-octene (Chem Systems PERP reports 90-1, 93-6, and
94/95512). The prior art also teaches that
chromium-based catalysts containing heteroatomic
ligands with both phosphorus and nitrogen heteroatoms
selectively catalyse the  trimerisation of ethylene to
1-hexene. Examples of such heteroatomic ligands for
ethylene trimerisation include
bis(2-diethylphosphino-ethyl) amine (WO 03/053891) as
well as
(o-methoxyphenyl)2PN(methyl)P(o-methoxyphenyl)2 (WO
02/04119). Both these  catalyst systems and processes
are very specific for the production of 1-hexene and
only yield 1-octene as an impurity (typically less
than 3 mass % of the product mixture as  disclosed by
WO 02/04119). The coordinating phosphorus heteroatoms
in (o- methoxyphenyl)2PN(methyl)P(o-methoxyphenyl)2
(WO 02/04119) are spaced apart by  one nitrogen atom.
It is believed that the nitrogen atom does not
coordinate, at least in  the absence of an activator,
with the chromium and that without any further
electron  donating atoms on the ligand that it is a
bidentate system. Furthermore it is argued that  the
polar, or electron donating substituents in the
ortho-position of the phenyl groups  help form a
tridentate system, which is generally believed to
enhance selectivity towards  1-hexene formation as
reiterated in WO 02/04119 in Chem. Commun., 2002,
858-859:  'This has led us to hypothesise that the
potential for ortho-methoxy groups to act as  pendent
donors and increase the coordinative saturation ofthe
chromium centre is an  important factor." WO 02/04119
(Example 16) teaches the production of octenes using a
trimerisation of olefins process and catalyst system.
In this instance, 1-butene was co- trimerised with two
ethylene molecules to give 25% octanes. However, the
nature of  these octenes was not disclosed and the
applicant believes that they consist of a mixture  of
linear and branched octenes. This application
discloses the combination of highly selective
tetrarnerisation-cocatalysts  for the production of
1-octene and the concomitant polymerisation of
the'fettamerised  olefin with the ethylene feedstock.
It has further been found that a chromium-based
catalyst containing mixed heteroatomic ligands can be
used to selectively tetramerise  ethylene to 1-octene
often in excess of 60 mass% selectivity. This high
1-octene  selectivity cannot be achieved via
conventional one-step ethylene oligomerisation
technologies which at most yield 25:'mass%o 1-octene
and the present invention confers  the suitability of
a selective 1-octene yielding catalyst for in situ
polymerisation. 2 



WO 2001/056480 PCT/ZA2003/000188  Examples of
heterogeneous polymerisation processes that mention
the polymerisation  of in situ formed a-olefins to
yield branched by-products of the polymerisation
process  are known in the art. However, few examples
are available describing the combination of  a
heterogeneous polymerisation catalyst on a support and
a homogeneous  oligomerisation catalyst, or the
combination of two homogeneous catalyst systems  where
one system produces an a-olefin and the other catalyst
polymerises the olefin  formed in situ as a comonomer
with ethylene. Specific examples related to tandem
oligomerisation and polymerisation catalysis involving
a supported polymerisation  catalyst include US patent
5,331,070 and EP 0 4,17 477 in which a metal alkyl, a
pyrrole- containing compound and a chromium salt
supported on an inorganic support material
polymerises an in situ generated a-olefin to yield a
branched polyethylene. Tandem catalysis involving
heterogeneous polymerisation catalysts mostly does not
involve the combination of a separate oligomerisation
catalyst together with a supported  polymerisation
catalyst as proposed in this application. Due to the
nature and geometry  of the supported polymerisation
catalyst, the formation of a-olefins through
13-hydride  elimination is possible to some extent,
however the formation of polymers is
thermodynamically and kinetically more favoured. After
an a-olefin is produced it has a  high probability to
be incorporated into other growing polymer chains as
the process of  chain growth proceeds from the surface
of the support material. In this way, polymers
containing relatively low amounts of a-olefins are
produced without significant control  over the extent
of a-olefin incorporation or the resultant polymer
architecture. Although examples of homogeneous tandem
catalysis involving the combination of
oligomerisation catalysts in tandem with suitable
soluble polymerisation catalysts are  rare,., the
recent patent literature such as US patents 6,586,541,
6;555,631 and  6,586;550 specifically relate to the
deliberate combination of oligomerisation catalysts,
previously reported for their ability to produce
a-olefins, combined with soluble  polymerisation
catalysts to produce branched polyolefins. These
patent examples centre on contacting both an
oligomerisation catalyst and a  polymerisation
catalyst with a single feedstock namely ethylene. Both
oligomers and  3 WO 2004/056480 PCT/ZA2003/000188  



polymers are produced in the same system with
concurrent production of a-olefins and  the
polymerisation of the resultant a-olefins with
ethylene. Most of the oligomerisation  catalysts that
convey novelty to these patents are oligomerisation
catalysts that produce  a distribution of a-olefins.
These distributions are favoured towards a mixture of
1- butene, 1-hexene, 1-octene and 1-decene.
Consequently, the structure of the polymers  described
in these patents exhibit patterns of incorporation
according to 13C NMR  analysis that reflect the
distribution of a-olefins. It is well-known in the
open literature that control of reaction conditions
such as  pressure, temperature, feed gas make-up,
comonomer content etc. result in polymers  with
desirable physical properties such as tear-strength,
optical clarity, elasticity and  many other physical
properties deemed desirable by polymer end-users. In
particular,  the production of linear low-density
polyethylene (LLDPE) sees the polymerisation of
individual high purity a-olefins, such as 1-butene,
1-hexene and 1-octene, and ethylene  to produce LLDPE
suitable for films and sheets, blow molding, extrusion
and wire and  cable jacket material as well as
rotational molding material. In none of the above
examples is there disclosed a process relating to the
selective productionof 1-octene for  in situ
incorporation into polyethylene. The combination of
the highly selective ethylene tetramerisation catalyst
system of the  present disclosure with a suitable
polymerisation catalyst can therefore result in a
tandem process that produces polyethylene grades with
high end-user specifications  without the need of a
separate facility or process to manufacture the
1-octene It will be understood that tandem
oligomerisation and polymerisation catalysis includes
in  situ catalysis. In-situ catalysis means
oligomerisation and polymerisafioncatalysis in the
same reaction medium the tandem oligomerisation and
polymerisation catalysis may  be in situ concurrent
and/or in situ consecutive catalysis. The indivadual
canponents of  the oligomerisation and polymerisation
catalysts may thus be added together  simultaneously
or sequentially, in any w d e f , and in the presence
or absence of  monomer in a suitable solvent. Reaction
mixture will be understood to include a reaction
medium; reaction products and catalyst components. The
reaction medium normally  includes a solvent. 4
Summary of the invention 



Disclosed is the need for selectively producing
1-octene from ethylene and concomitant polymerisation
of this monomer with ethylene can be satisfied  by
using a separate distinct transition metal-based
ethylene tetramerisation catalyst  system containing a
heteroatomic ligand in tandem with a separate distinct
polymerisation catalyst comprising a transition metal
and hetero or homoatomic ligands.  By homoatomic is
meant a ligand that consists entirely of similar atoms
such as carbon  that constitute the skeleton of the
ligand such as the cyclopentadienyl ligand for
example. Thus, disclosed is a process for
polymerising olefins to produce branched polyolefins
in the presence of a polymerisation  catalyst and a
cocatalyst, wherein the cocatalyst produces 1-octene
in a selectivity  greater than 30% and the 1-octene
produced is at least partially incorporated into the
polyolefin chain. In one aspect, there is provided a
process for polymerising olefins to branched
polyolefins by contacting at least one olefin with a
combination of catalysts  comprising (a) a
polymerisation catalyst; and (b) at least one
co-catalyst in the form of an ethylene tetramerisation
catalyst to produce 1-octene from ethylene which
co-catalyst includes  the combination of - a
transition metal compound; and - a heteroatomic ligand
described by the general formula  (R)n A-B-C(R)m
wherein  A and C are independently selected from the
group consisting of  phospho*us, arsenic, antimony,
oxygen, bismuth, sulphur, selenium and nitrogen; B is
a linking group between A and C; the R groups are the
same or different, and each R is independently
selected from any homo or hetero hydrocarbyl group;
and n and m for each R is independently determined by
the respective  



valence and oxidation state of A and C; and provided
that where the heteroatomic ligand is described by the
following  general formula (R')(R2)A-B-C(R3)(R4)
wherein A and C are independently selected from the
group consisting  of phosphorus, arsenic, antimony,
bismuth and nitrogen; B is a linking group between A
and C; and R', R2, R3 and R4 are independently
selected from the group  consisting of a hydrocarbyl
group, a heterohydrocarbyl group,  a substituted
hydrocarbyl group and a substituted  heterohydrocarbyl
group; R', R2, R3 and R4 being  characterised therein
that either (i) any substituents on one or more of R',
R2, R3 and R4 are not  electron-donating; and where
R', R2, R3 and R4 are independently  aromatic,
including heteroaromatic groups, not all the groups
R',  R2, R3 and R4 have a substituent on the atom
adjacent to the atom  bound to A or C; or (ii) at
least one of R', R2, R3 and A4 is substituted with a
polar  substituent on a second or further atom from
the atom bound to A  or C and provided that any polar
substituents on R', R2, R3 and R4  are not on the atom
adjacent to the atom bound to A or C. In another
aspect, there is provided a catalyst combination
comprising  (a) a ,polymerisation catalyst; and (b) at
least one co-catalyst in the form of an ethylene
tetramerisation  .5a catalyst to produce 1-octene from
ethylene which co-catalyst includes the  combination
of a transition metal compound; and a heteroatomic
ligand described by the general formula  (R)0A-B-C(R)m
wherein 



A and C are independently selected from the group
consisting of  phosphorus, arsenic, antimony, oxygen,
bismuth, sulphur, selenium  and nitrogen; B is a
linking group between A and C; the R groups are the
same or different, and each R is independently
selected from any homo or hetero hydrocarbyl group;
and n and m for each R is independently determined by
the respective  valence and oxidation state of A and
C; and provided that where the heteroatomic ligand is
described by the following  general formula
(R')(R2)A-B-C(R3)(R4)  wherein A and C are
independently selected from the group consisting  of
phosphorus, arsenic, antimony, bismuth and nitrogen; B
is a linking group between A and C; and R', R2, R3 and
R` are independently selected from the group
consisting of a hydrocarbyl group, a heterohydrocarbyl
group,  a substituted hydrocarbyl group and a
substituted  heterohydrocarbyl group; R', R2, R3 and
R4 being  characterised therein that either (i) any
substituents on one or more of R', R2, R3 and R4 are
not  electron-donating; and where R', R2, R3 and R4
are independently  aromatic, including heteroaromatic
groups, not all the groups R',  R2, R3 and R4 have a
substituent on the atom adjacent to the atom  bound to
A or C; or (ii) at least one of R', R2, R3 and R" is
substituted with a polar  substituent on a second or
further atom from the atom bound to A  or C and
provided that any polar substituents on R', R2, R3 and
R4  are not on the atom adjacent to the atom bound to
A or C. .5b tr 3 The disclosed process can allow the
cocatalyst and/or process conditions to be selected to



produce more than 40%, 50%, 60% or,, 70% 1-octene and
the said 1-octene is at least  partially incorporated
into the polyolefin chain. In this specification, %
will be understood to be a mass %.  The branched
polyolefin may be a branched polyethylene. The
branched polyolefin may be linear low density
polyethylene (LLDPE). The cocatalyst may be an
ethylene tetramerisation catalyst, which includes a
transition  metal precursor and a heteroatomic ligand.
In this specification the term "tetramerisation"
refers to a catalytic reaction of a single  olefinic
monomer or. a mixture of olefinic monomers giving
products enriched in  5c WO 2004/056480
PCT/ZA20031000188  tetramers derived from those
olefinic monomers. The tetramerisation product stream
may consist of linear or branched olefins. By
heteroatomic tetramerisation ligand is meant a ligand
that contains at least two  heteroatoms, which can be
the same or different, where the heteroatoms may be
selected from phosphorus, arsenic, antimony, sulphur,
oxygen, bismuth, selenium or  nitrogen. The
heteroatomic ligand for the ethylene tetramerisation
catalyst may be described by  the following general
formula (R)" A-B-C(R),,, where A and C are
independently selected  from a group which comprises
phosphorus, arsenic, antimony, oxygen, bismuth,
sulphur,  selenium, and nitrogen, and B is a linking
group between A and C, and R is  independently
selected from any homo or heterohydrocarbyl group and
n and m are  determined by the respective valence and
oxidation state of A and C. A and/or C may be a
potential electron donor for coordination with the
transition metal.  An electron donor is defined as
that entity that donates electrons used in chemical,
including dative covalent, bond formation. The
heteroatomic ligand for the ethylene tetramerisation
catalyst may be described by  the following general
formula (R')(RZ)A-B-C(R3XR) where A and C are
independently  selected from a group which comprises
phosphorus, arsenic, antimony, bismuth and  nitrogen
and B is a linking group between A and C, and R', R2,
R3 and R4 are  independently selected from hydrocarbyl
or heterohydrocarbyl or substituted hydrocarbyl  or
substituted heterohydrocarbyl groups. 



The heteroatomic ligand for the ethylene
tetramerisation catalyst may be `described by  the
following general formula (R'XRZ)A B-C(R3)(R) where A
and C are independently  selected from a group which
comprises phosphorus, arsenic, antimony, bismuth and
nitrogen and B is a linking group between A and C, and
R', R2, R3 and R are  independently non-aromatic or
aromatic, including heteroaromatic, groups. 6 WO
2004/056180 PCT/ZA2003/000188  R1, R2, R3 and R4 may
be aromatic, including heteroaromatic, groups and
preferably not  all the groups R', R2, R3 and R4, if
aromatic, have a substituent on the atom adjacent to
the atom bound to A or C. R1, R2, R3 and R` may have
substituents on the atom adjacent to the atom bound to
A  or C. At least one or more of R1, R2, R3 and R4 may
be. substituted with a polar substituent on  a second
or further atom from the atom bound to A or C. Any
polar substituents on R', R2, R3 and R4 may preferably
not be on the atom adjacent  to the atom bound to A or
C. Any polar substituent on one or more of R', R2, R3
and R4 may be electron-donating.  Any substituents on
one or more of R', R2, R3 and R4 may be not
electron-donating.  In another embodiment, each
non-electron donating substituent may be non-polar.
Each of R', R2, R3 and R4 may be aromatic, including
heteroaromatic, but not all of R',  R2, R3 and R4 are
substituted by any substituent on an atom adjacent to
the atom bound  to A or C. Preferably, not more than
two of R', R2, R3 and R4 may have substituents on the
atom  adjacent to the atom bound to A or C. Polar is
defined by IUPAC as an entity with a permanent
electric dipole moment. Polar  substituents include
methoxy, ethoxy, isopropoxy, C3-C2alkoxy, phenoxy,
pentafluorophenoxy, trimethylsiloxy, dimethylamino,
methylsuffanyl, tosyl,  methoxymethy,
methylthiomethyl, 1,3-oxazolyl, methoxymethoxy,
hydroxyl, amino,  phosphino, arsino, stibino,
sulphate, nitro and the like. 7 WO 2004/056480
PCT/ZA2003/000188  Any of the groups in the ligand for
the tetramerisation catalyst, R', R2, R3 and R4 may  



independently be linked to one or more of each other
or to the linking group B to form a  cyclic structure
together with A and C, A and B or B and C. R', R2, R3
and R4 in the tetramerisation ligand may be
independently selected from a  group comprising a
benzyl, phenyl, tolyl, xylyl, mesityl, biphenyl,
naphthyl, anthracenyl,  methoxy, ethoxy, phenoxy,
tolyloxy, dimethylamino, diethylamino,
methylethylamino,  thiophenyl, pyridyl, thioethyl,
thiophenoxy, trimethylsilyl, dimethylhydrazyl, methyl,
ethyl,  ethenyl, propyl, butyl, propenyl, propynyl,
cyclopentyl, cyclohexyl, ferrocenyl and
tetrahydrofuranyl group. Preferably, R', R2, R3 and R4
may independently be selected  from a group comprising
a phenyl, tolyl, biphenyl, naphthyl, thiophenyl and
ethyl group. B may be selected from any one of a group
comprising: organic linking groups  comprising a
hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyl and a substituted
heterohydrocarbyl; inorganic linking groups comprising
single atom links; ionic links and  a group comprising
methylene, dimethylmethylene, 1,2-ethane,
1,2-phenylene, 1,2- propane, 1,2-catechol, 1;
2-dimethylhydrazine, -B(R5)-, -Si(R5)r, -P(R5} and
-N(R5)- where R5 is hydrogen, a hydrocarbyl or
substituted hydrocarbyl, a substituted  heteroatom or
a halogen. Preferably, B may be -N(R5)- and R5 is a
hydrocarbyl or a  substituted hydrocarbyl group. R5
may be hydrogen or may be selected from the groups
consisting of alkyl, substituted alkyl, aryl,
substituted aryl, aryloxy, substituted aryloxy,
halogen, nitro, alkoxycarbonyl, carbonyloxy, alkoxy,
aminocarbonyl, carbonylamino,  dialkylamino, silyl
groups or derivatives thereof, and aryl substituted
with any of these  substituents. Preferably R5 may be
an isopropyl, a 1-cyclohexylethyl, a 2-
methylcyclohexyl or a 2-octyl group. In another
embodiment of the invention any of the groups in the
ligand for the  tetramerisation catalyst, R', R2, R3,
R4 or R5 may include any cyclic heteroatomic group
such as a cyclopentadienyl-dimethylsilyi-t-butyl group
or a cyclic homoatomie group such  as a
cyclopentadienyl, indenyl or fluorene group . B may be
selected to be a single atom spacer. A single atom
linking spacer is defined  as a substituted or
non-substituted atom that is bound directly to A and
C. 8 WO 2004/056480 PCT/ZA2003/000188  A and/or C may
be independently oxidised by S, Se, N or O. A and C
may be independently phosphorus or phosphorus oxidised
by S or Se or N or  



0. The tetramerisation ligand may also contain
multiple (R ),A-B-C(R),,, units. Not limiting
examples of such ligands include dendrimeric ligands
as well as ligands where the  individual units are
coupled either via one or more of the R groups or via
the linking  group B . More specific, but not
limiting, examples of such ligands may include 1,2-di-
(N(P(phenyl)2)2)-benzene,
1,4-di-(N(P(phenyl)2)2)-benzene,
N(CH2CHZN(P(phenyl)?)2)3,
1,4di-(P(phenyl)N(methyl)P(phenyl)2}benzene,
1,2-di-(N(P(p-methoxyphenyl)2)2}  benzene,
1,4-di-(N(P(p-methoxyphenyl)2)2)-benzene,
N(CH2CH2N(P(p- methoxyphenyl)2)2)3 and
1,4-di-(P(p-methoxyphenyl)N(methyl)P(p-methoxyphenyl)2
)- benzene. The heteroatomic ligands for
tetramerisation can be prepared using procedures known
to one skilled in the art and procedures disclosed in
published literature. Examples of  ligands are:
(phenyl)2PN(methyi)P(phenyl)2,
(phenyl)2PN(penty)P(PhenYI)2.  (phenyl
2PN(phenyl)P(phenyl)2,
(phenyl)2PN(p-methoxyphenyl)P(phenyl)2, (phenyl)2PN(p-
butylphenyl)P(phenyl)2,
(phenyl)2PN((CH2)3-N-morpholine)P(phenyl)z
(phenyl)2PN(Si(CH3h)P(phenyl)z
(((phenyl)2P)2NCH2CH2)N, (ethyl)2PN(methyl)P(ethyl)2,
(ethyQ2PN(isopropyQP(phenylh,
(ethyl)(phenyl)PN(methyl)P(ethyl)(phenyl),
(ethyl)(phenyl)PN(isopropyl)P(phenyl)z
(phenyl)2P(=Se)N(isopropyl)P(phenyl)2,
(phenyl)2PCH2CH2P(phenyl)2,
(o-ethylphenylxphenyl)PN(isopropyl)P(phenyl), (o-
methylphenyl)2PN(isopropyl)P(o-methylphenyl)(phenyl),
(phenyl)2PN(benzyl)P(phenyl)z,  (Men
yt)2PN(1-cyclohexylothyl)P(phenyl)z
(phenyl)2PN[CH2CH2CH2Si(OMe3)]P(phenyi)z  (Phenyl
)2PN(cYclohexyl)P(Phenylh pheny4)2PN(2
methylcyGohexy!)P(phenyl)2
(phenyl)2PN(allyl)P(phenyl)Z (2-naphthyl)2PN(methyl
(2-naphthyl)z (p- biphenyl)2PN(methyl)P(p-biphenyl),
(p-methyiphenyl)2PN(methyl)P(p-methylphenyl)2 (2-
thiophenyl)2PN(methyl)P(2-thiophenyl)2,
(phenyQ2PN(methyi)N(methyl)P(phenyl)2 (m-
methylphenyl)2PN(methyl)P.(m-methylphenyl)2,
(phenyl)2PN(isopropyl)P(phenyl)2 and  (Phenyl
)2P(=S)N(isopropyl)P(phenyl)2. 



9 WO 2004/056480 PCT/ZA2003/000188  Examples of
ligands with polar substituents on R', R2, R3 and R
include: (m-
methoxyphenyl)2PN(methyl)P(m-methoxyphenyl)2.
(p-methoxyphenyl)2PN(methyl)P(P- methoxyphenyl)2,
(m-methoxyphenyl)2PN(isopropyl)P(m-methoxyphenyl)2,(P-
methoxyphenyl)2PN(isopropyl)P(p-methoxyphenyl)2,
(p-methoxyphenyl)2PN(2-
ethylhexyl)P(p-methoxyphenyl)2,
(m-methoxyphenyl)(phenyi)PN(methyl)P(phenyl)2 and
(p-methoxyphenyl)(phenyl)PN(methyl)P(phenyl)2, (m-
methoxyphenyl)(phenyl)PN(methyl)P(m-methoxyphenyl)(phe
nyl), (p-
methoxyphenyl)(phenyl)PN(methyl)P(p-methoxyphenyl)(phe
nyl), (m- methoxyphenyl)2PN(methyl)P(phenyl)2 and
(p-methoxyphenyi)2PN(methyi)P(phenyl)2, (p-
methoxyphenyl)2PN(1
cyciohexylethyl)P(p-methoxyphenyl)2, (p
methoxyphenyl)2PN(2-
rnethylcyclohexyl)P(p-methoxyphenyl)2,
(p-methoxyphenyQ2PN(decyl)P(p- methoxyphenyl)2,
(p-methoxyphenyl)2PN(pentyl)P(p-methoxyphenyl)2, (p-
methoxyphenyl)2PN(benzyl)P(p-methoxyphenyl)2,
(p-methoxyphenyl)2PN(pheny9P(p- methoxyphenyl)2,
(p-fluorophenyl)2PN(methyl)P(p-fluorophenyl)2, (o-
fluorophenyl)2PN(methyl)P(o-fluorophenyl)2,
(p-dimethylamino-phenyl)2PN(methyl)P(p-
dimethylamino-phenyl)2,
(p-methoxyphenyl)2PN(allyl)P(p-methoxyphenyi)2,
(phenyl)2PN(isopropyl)P(o-methoxyphenyl)2,
(p-(p-methoxyphenyl)-
phenyl)2PN(isopropyl)P(p-(p-methoxyphenyl)-phenyl)2
and (P- methoxyphenyl)(pheny9PN(isopropyl)P(phenyl)2.
The heteroatomic tetramerisation ligand can be
modified to be attached to a polymer  chain so that
the resulting heteroatomic coordination complex of the
transition metal is  soluble at elevated temperatures,
but becomes insoluble at 25C. This approach would
enable the recovery of the complex from the reaction
mixture for reuse and has been  used for other
catalyst as described by D.E. Bergbreiter et at, J.
Am. Chem. Soc., 1987,  109, 177-179. In a similar vein
these transition metal complexes can also be
immobilised  by binding the heteroatomic ligands to
silica, silica 061, polysiloxane or alumina  backbone
as, for example, demonstrated by C. Yuanyin et at,
Chinese J. React. Pot.,  1992, 1(2), 152-159 for
immobilising platinum-complexes. With regard to the
tetramerisation process, the process may include the
step of  generating a heteroatomic tetramerisation
coordination complex from a transition metal  



precursor and a.heteroatomic ligand and adding a
polymerisation catalyst either at the  same time or
over a period of time. The process may include the
step of adding a pre- 10 WO 20041056380
PCTIZA2003/000188  formed coordination complex,
prepared using a heteroatomic ligand and a transition
metal precursor, to a reaction mixture, or the step of
adding separately to the reactor, a  heteroatomic
ligand and a transition metal precursor such that a
heteroatomic  coordination complex of a transition
metal is generated in situ. In all cases, the
polymerisation catalyst may be added to the reactor at
the same time as the  tetramerisation catalyst or the
polymerisation catalyst may be fed sequentially into
the  reactor over a period of time. By generating a
heteroatomic coordination complex in situ  is meant
that the complex is generated in the medium in which
catalysis takes place.  Typically, the heteroatomic
coordination complex is generated in situ. Typically,
the  transition metal precursor, and heteroatomic
ligand are combined (both in situ and ex  situ) to
provide metal/ligand ratios from about 0.01:100 to 10
000:1, and preferably, from  about 01:1to 10:1. The
tetramerisation cocatalyst, as defined previously to
include a transition metal  precursor and a
heteroatomic ligand, can be combined with the
polymerisation catalyst  in the ratio 0.01:100 to 10
000:1, nd preferably, from about 1:1 to 100:1. With
regard to the tetramerisation transition metal
precursor, the transition metal may be  selected from
any one of a group comprising chromium, molybdenum,
tungsten,  titanium, tantalum, vanadium and zirconium,
preferably chromium. With regard to the
tetramerisation catalyst, the transition metal
precursor which, upon  mixing with the heteroatomic
ligand and an activator, catalyses ethylene
tetramerisation  in accordance with the invention, may
be a simple inorganic or organic salt, a  coordination
or organometallic complex and may be selected from any
one of a group  comprising:. chromium trichloride
tris-tetrahydrofuran complex, (benzene)-tricarbonyl
chromium; chromium (111) octanoate, chromium
hexacarbonyl, chromium (III)  acetylacetonate and
chromium (111) 2-ethyihexanoate. The preferred
transition metal  precursors include chromium (111)
acetylacetonate and chromium (I11) 2-ethylhexanoate.
The process. may include the step of combining in any
order a heteroatomic ligand with a  transition metal
precursor, a polymerisation catalyst and an activator.



11 WO 2004/056480 PCT/ZA2003/000188  Examples of
suitable polymerisation catalysts for the
polymerisation of ethylene and the  in situ
synthesised 1-octene include but are not limited to
the following:  ZIEGLER-NATTA CATALYSTS TiCI3-Et2AICI,
AIR3-TiCI4, wherein R belongs to the group comprising
of alkyl, substituted  alkyl, cyclic alkyl, aryl,
substituted aryl, alkene and substituted alkene, and
the like.  UNBRIDGED METALLOCENES
Bis(cyclopentadienyl)-chromium(ll),
bis(cyclopentadienyl)-zirconium chloride hydride,
bis(cyclopentadienyl)-titanium dichloride,
bis(cyclopentadienyl)-zirconium dichloride,
bis(cyclopentadienyl)-zirconium dimethyl,
bis(n-butylcyclopentadienyl)-zirconium  dichloride,
bis(n-dodecylcyclopentadienyl}zirconium dichloride,
bis(ethylcyclopentadienyl)-zirconium dichloride,
bis(iso-bctylcyclopentadienyl)-zirconium  dichloride,
bis(isopropylcyclopentadienyl)-zirconium dichloride,
bis(methylcyclopentadienyl)-zirconium dichloride,
bis(n-octylcyclopentadienyl)-zirconium  dichloride,
bis(n-pentylcyclopentadienyl)-zirconium dichloride,
bis(n-.  propylcyclopentadienyl)-zirconium dichloride,
bis(trimethylsilylcyclopentadienyl)- zirconium
dichloride,
bis(1,3-bis(trimethylsilyl)cyclopentadienyl)-zirconium
dichloride,
bis(1-ethyl-3-methylcyclopentadienyl)-zirconium
dichloride,  bis(pentamethylcyclopentadienyzirconium
dichloride,
bis(pentamethylcyclopentadienyl)-zirconium dimethyl,
bis(1-propyl-3- methylcydopentadienyl)-zirconium
dichloride, bis(4,7-dimethylindenyl)-zirconium
dichloride, bis(indenyl)-zirconium dichloride,
bis(2-methylindenyl)-zirconium dichloride,
bis(2-methylindenyl)-zirconium dichloride;
cyclopentadienylindenyl-zirconium dichloride  HALF
SANDWICH METALLOCENES Cyclopentadienyl-zirconium
tichloride, pentamethylcyclopentadienyl titanium
fichloride,  pentamethylcydopentadienyl-titanium
trimethoxide, trimetfryl-titanium-
pentamethylcyclopentadienide,
pentamethylcydopentadienyl-zirconium tnehloride,
tetramethylcyclopentadienyl-zirconium trichloride,
1,2,44dmethylcyclopentadienyl- zirconium trichloride
12 WO 2003/056480 PCT/ZA2003/000188  



CARBON-BRIDGED METALLOCENES
Diphenylmethylidene(cyclopentadienyl)-(9-fluorenyl)-zi
rconium dichloride,
diphenylmethylidene(cyclopentadienyl)-(indenyl)-zircon
ium dichloride, isopropylidene-
bis(cyclopentadienyl)-zirconium dichloride,
isopropylidene-(cyclopentadienyl)(9-
fluorenyl}zirconium dichloride,
isopropylidene-(3-methylcyclopentadienyl)-(9-fluorenyl
)- zirconium dichloride,
ethylene-bis(9-fluorenyl)-zirconium dichloride,
meso-ethylene-bis(1- indenyl)-zirconium dichloride,
rac-ethylene-bis(1-indenyl)-zirconium dichloride, rac-
ethylene-bis(1-indenyl)-zirconium dimethyl,
rac-ethylene-bis(2-methyl-1-indenyl)  zirconium
dichloride,
rac-ethylene-bis(4,5,6,7-tetrahydro-1-indenyl)-zirconi
um dichloride  SILYL-BRIDGED METALLOCENES
Dimethylsilyl-bis(cyclopentadienyl)-zirconium
dichloride, dimethylsilyl-bis(9-fluorenyl)- zirconium
dichloride, rac-dimethylsilyl-bis(1-indenyl)-zirconium
dichloride,
meso-dimethylsilyl-bis(2-methylindenyl)-zirconium
dichloride, rac-dimethylsilyl-bis(2-
methylindenyl)-zirconium dichloride,
racdirnethylsilyl-bis(tetrahydroindenyl)-zirconium
dichloride,
dimethylsilyi-bis(tetramethylcyclopentadienyl)-zirconi
um dichloride,
diphenylsilyl(cyclopentadienyl)(9-fluorenyl)-zirconium
dichloride, diphenylsilyl- bis(indenyl)hafnium
dichloride. The activator for use in the process may
in principle be any compound that generates an  active
catalyst when combined with the heteroatomic ligand
and the transition metal  precursor : M. "ustures of
actiuaters,, may also; be used,. Suitable compounds
include  orgaaoaiw ninjum. compounds, prganoboron
compounds;organic salts;; such as  methyllithium and
methyltnagnesn, m bromide; inorganic acids. and salts,
such as  tetrafluoroboric acid etherate, silver
tetrafluoroborate, sodium hexafluoroantimonate and
the like. Sultable;:organoalurnin um compounds include
compounds of the formula Alfa, where  eachR,is
independently a- r-C.2 alkyl, an oxygen containing
moiety or a halide, and  compounds such as LiAIH4 and
the like. Examples include trimethylaluminium (TMA),
13 WO 2004/056180 PCT/ZA2003/000188  triethylaluminium
(TEA), tri-isobutylaluminium (TIBA),
tri-n-octylaluminium,  methylaluminium dichloride,
ethylaluminium dichloride, dimethylaluminium chloride,
diethylaluminium chloride, aluminium isopropoxide,
ethylaluminiumsesquichloride,  



methylaluminiumsesquichloride, and aluminoxanes.
Aluminoxanes are well known in the  art as 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, cages or mixtures thereof. Mixtures of
different aluminoxanes may also  be used in the
process. Examples of suitable organoboron compounds
are boroxines, NaBH4, triethylborane,
tris(pentafluorophenyl)borane, tributyl borate and the
like. The activator may also be or contain a compound
that acts as a reducing or oxidising  agent, such as
sodium or zinc metal and the like, or oxygen and the
like. The activator may be selected from
alkylaluminoxanes such as methylaluminoxane  (MAO) and
ethylaluminoxane (EAO) as well as modified
alkylaluminoxanes such as  modified methylaluminoxane
(MMAO). Modified methylaluminoxane (a commercial
product from Akzo Nobel) contains modifier groups such
as isobutyl or n-octyl groups, in  addition to methyl
groups. The transition metal precursor of the
tetramerisation catalyst and the aluminoxane may  be
combined in proportions to provide AI/metal ratios
from about 1:1 to 10 000:1,  preferably from about 1:1
to 1000:1, and more preferably from 1:1 to 300:1. The
process may include the step of adding to the catalyst
system (including both the  polymerisation and olefin
tetramerisation catalysts) a trialkylaluminium
compound in  amounts of between 0.01 to 1000 mol per
mol of alkylaluminoxane. It should be noted that
aluminoxanes generally also contain considerable
quantities of  the corresponding trialkylaluminium
compounds used in their preparation. The presence  of
these trialkylalurninium compounds in aluminoxanes can
be attributed to their  incomplete hydrolysis with
water. Any quantity of a trialkylaluminium compound
quoted  14 WO 2004/056480 PCT/ZA2003/000188 in this
disclosure is additional to alkylaluminium compounds
contained within the  aluminoxanes. The activator may
also be a binuclear cocatalyst such as a bisborane
1,4- (C6F5)2B(C6F4)B-(C6F5)2 This binuclear cocatalyst
may be combined with the  tetramerisation and
polymerisation catalysts in such a way that a
bimolecular species  may be formed that has metal
centres in close molecular proximity. 



The catalyst systems or its individual components, in
accordance with the invention, or  its individual
components, may also be immobilised by supporting it
on a support  material, for example, silica, alumina,
MgCl2, zirconia, artificial hectorite or smectorite
clays such as LaponiteTm RD or mixtures thereof, or on
a polymer, for example  polyethylene, polypropylene,
polystyrene, or poly(aminostyrene). The catalyst can
be  formed in situ in the presence of the support
material, or the support can be pre- impregnated or
premixed, simultaneously or sequentially, with one or
more of the  catalyst components or the polymerisation
catalyst. In some cases, the support material  can
also act as a component of the activator. This
approach would also facilitate the  recovery of the
catalyst from the reaction mixture for reuse. The
concept was, for  example, successfully demonstrated
with a chromium-based ethylene trimerisation  catalyst
by T. Monoi and Y. Sasaki, J. Mol. Cat.A: Chem., 1987,
109, 177-179. In some  cases, the support can also act
as a catalyst component, for example where such
supports contain aluminoxane functionalities or where
the support is capable of  performing similar chemical
functions as an aluminoxane, which is for instance the
case  with IOLA1' (a commercial product from Grace
Davison). According to a further aspect of the
invention, there is provided a tandem oligomerisation
and polymerisation process for the oligornerisation of
ethylene to produce an olefinic  product stream and
the in situ polymerisation of the oligomeric olefin
with ethylene, the  process including the step of
contacting the olefins with an oligomerisation
catalyst,  which catalyst includes a heteroatomic
ligand and a transition metal' precursor, and a
polymerisation catalyst, which catalyst includes a
transition metal and and/or a homo- or  heteroatomic
ligand. The oligomerisation catalyst may be an
ethylene tetramerisation catalyst.  15 According to
yet another aspect of the invention the .
tetramerisation process includes the  step of
contacting an olefinic feedstream with a catalyst
system which include a transition  metal and
heteroatomic ligand and wherein the product of the
tetramerisation process is olefin and the olefin. is
'concomitantly copolymerised with the  olefinic
feedstream by contacting the' olefins produced in the
first step and the olefinic feeddstream with a
catalyst  comprising of a transition metal and/or a
homo- or heteroatomic ligand By homoatgmic is meant a
ligand that consists entireIy of similar atoms such as
carbon  



that constitute the skeleton of the lignd such as the
cyclopentadienyl ligand for example   The ethylene to
be tetrameosed and polymerised can be intioduced into
the process  according to the invention in a
continuous or batch fashiori  The tandem catalysis
product stream will be understood to include polymer
which  polymer is produced according tp the invention
in a continuo6nt?r4ous.or batch fastion  The process
may include a process for tetramerisation of ethylene
to selectively yield 1- oclene. The process may be a
process  for tetramerisation of ethylene and
concomitant  polymerisation of the produced t-octane
with ethylene. The ethylene may be contacted with the
catalyst system comprisirig of the tetramensation
catalyst  and the polymerisation- catalyst at
a-pressure of 100 kPa (1 barg) preferably  greater
than 1000 kPa(10 barg), more preferably greater than
3000 kPa(30 bag) The tandem catalysis process may
include the step of mixing the componenets of the
catalyst systerms (both the fetramenrisation catalyst
and the polymentsation catalyst) at any  temperature
between -20C, and 250C in the presence of  an olefin.
The preferred  temperature range being 20 C - 100 C:
AMENDED SHEET 16  The individual components of the
both catalyst systems described herein may be combined
simultaneously or sequentially in any order, and in
the presence or absence of a solvent in order to  give
active-catalysts. The. presence of an olefin during
the mixing of fire  catalyst components generally
provides a protective effect which may result in
improved  catalyst performance. The preferred
temperature range may be between 20C and  The reaction
products derived from the tandem catalysis process "as
described. herein,,',  may be prepared using the
disclosed catalyst system by a homogeneous liquid
phasse  reaction in the presence or absence of an
inert solvent, and/or by slurry reaction where the
catalyst system' is in a form that displays little or
no solubility, and/o~two phase  liquid/liquid reaction
and/or a bulk phase reaction in which neat reagent
and/or product  lefins serve as the dominant medium,
and/or gas phrase react on using conventioanl  



equipment and contacting techniques Tire taniten3;
Cafalysis processrfiayalsp be carried out in an inert
solvents. Any inert solvent  that does not reach.
With. the activator can. be used These Inert solvent
may include  saturated aliphatic, unsaturated
aliphatic, aromatic hydrocarben- and halogenated
hydrocarbon. Typical solvents Include, but are not
Iimited to benzene toluene, xylene,  cufliene,
heptane, methycyclohexane, methyicydoperltane,
cyclphexane; ionic liquids and  the like. The tandern
catatysis process (may be carried out at pressures
from atmosphenc to 50000};  kPa: (500 barg): Ettylene
pressures in the range of. -1000-7000 kPa (10-:70.
Berg), are  preferred: Particularly preferred
pressures range from 3000-5000kPa (30-50 p The tandtin
catatysis process may be carried out at. temperatures
from 20'C - 2500CE;'.  Temperatures in the - range of
15-130"C are. preferred,' Particularly preferred
temperature  range from 35-150C. The tandem catalysis
prgcess may be carried out in a: plant which includes
any type of   reactor.: Exarnples of such' reactors
Include, but are; not("united to Witch batch reactors
and continuous reactors: The plant may include in
combinatibn a) a  reactor, b) at least: one joist-
line into this reactor for olefin" reactant and the
catalyst AMENDED SHEET  17 WO 2004/056480
PCT/ZA2003/000188  system, c) effluent lines from this
reactor for polymerisation reaction products, and d)
at  least one separator to separate the desired
polymerisation reaction products, wherein  the
catalyst system may include a heteroatomic ligand, a
transition metal precursor, a  polymerisation catalyst
and an activator, as described herein. In another
embodiment of this invention, a combination of
reactors may be preferred  where the first reactor may
be a continuously stirred tank reactor and the second
reactor  may be a batch, continuously stirred tank
reactor or a plug-flow reactor. Examples of performing
the invention The invention will now be described with
reference to the following non-limiting  examples. The
individual components of the examples may conceivably
be omitted or  substituted and, although not
necessarily ideal, the invention may conceivably still
be  



performed and these components are not to be taken as
essential to the working of the  invention. In the
examples that follow all procedures were carried out
under inert conditions, using  pre-dried 'reagents.
Chemicals were obtained from Sigma-Aldrich or Strem
Chemicals  unless stated otherwise. All
trialkylaluminium and aluminoxane compounds and
solutions thereof were obtained from Crompton Gmbh,
Akzo Nobel and Albemarle  Corporation. Ip all the
examples, the molar mass of methylaluminoxane (MAO)
was  taken to be 58.016 glmol, corresponding to the
(CH3-AI-O) unit, in order to calculate the  molar
quantities of MAO used in the preparation of the
catalysts described in the  examples below. Ethylene
oligomerisation products were analysed by GC-MS and
GC- FID. Polymer samples were dried under vacuum for
12 hours prior to characterisation:  Polymers were
characterised using differential scanning calorimetry
(DSC) to determine  melting points and 13C NMR for the
determination of the mol% incorporation of a-olefins.
Where possible the remaining liquid after tandem
polymerisation was analysed by GC- FID for residual
olefin composition. Example 1: Ethylene
tetramerisation reaction using CrCI3(THF3), (p-
methoxyphenyl)2PN(isopropyl)P(p-methoxyphenyl)2 and
MAO 18 /1 '.solution_ bf.'9.8 mg. of
(p-me}hoxyphenyi)zPN(lsopivpyl)P.(p methozypi$iiyi)
:.;(0:211$  (nmol) in;10 tnl' of toluene was added to
a solution 4 5-6 fug CICii(L11F), (0 Qi5 mmot) in  -10
ml toluone- in a Schlehl vessel. The mixture was
stirred temperature and was Then transferred to it 300
ml pressure: reactor:fautodave)_cont i(iirig =  a :
mixture -af toluene--:(80mI) and MAO
(methylaluminoxane,-4:5 itttrro . 8t, 4qC:- <T e.
ressure reactor was':charged:with ethylene
afer::whidh:thg reactor`.teir': ture:uvss:=
maintained at 45C, - while : the ethylene pressure
vitas; kept of : 4500. kPa-:(45 _barg) `:Tnotougb
mixing was ,ensured-throughout by mixing.
speedsof-7150:RPM'S-using; a "as  : entraining
atirrer. The .feactian was terminated after, 30
minutes by: cortin  pingyhs;:< ethylene feed to ;the
'r'eactor-and cooling. the reactor -to below l liC>
4f~eraelHaaing; Vii:'.:::;:  excess: ethylene
fromtfie"auitoclave, the liquid contained: in
the.atafoclave:iuastgoeitcliad:
'wi$i'ettaanolfollowed:by10%hydrochioria add
iri-water.,Nonan was:8difetl.a filtetn 1,  standard
for the analysis'ofthe liquid phase- by GC-FID. A,
small sample of U* organ  "p  



Iayer was -dried over-:-anhydrous sodium sulfate and
":then analyse i; by. <;G x19 : he .;i  :remainder pf
the .organic layer'was filtered to isolate the solid
waWpolymemproducts:  ,.?These solid: products. were
dried overnight in an.oven at.fQOO an .then.w;
etgGied:3py eta 1:0831 g: of: polyethylerte.:Tlie GC
analyses indicated ti at the reaction moRtxe
pontainocr -  42.729-gers. The=oligoers comprid72%1-0
1~ojn. !n .5 Ctlre(99% ptjr):- _: i".,;, ' ~'-
Example 2:: ethylene tetramerlsaUon reaction usin C a,
lacetdnste  (phenyQzP.NQsopropylP(pMnyJ);.end MAO ,4;
solution?of :18,8 rng, ai::'(phenyl
PN(leopropy(jP(phdc j)z (OA44'rxrmot)':in 6:4' :fits
off'::;"  cumeire was addedto::a solution of 7.7 mg
Cr(acetgtadetonate)3_ (0x022: mmvl)4n :8'-r l==%-c
autnenejn a;Schienkvessel. Tfia mixture was stirred
for5 mIn.;6t aitlbiisht.feniper -tire and -' :
.:i,as,then transferred -t - a1D00 ml pressure reactor
(a"utbclave) containing a iiilxtufd of  :.:
euinene::(180 -mq ;and ;MAO..(methylaNminoxane, 4,4
rrimot 10 '/ soluiloi srvtolUensf at;=;:  ?iQG l hc;
pressure. reactor was charged.
with-sthylerfeaftarwhieh i6e7eactor4eiripetat(rt was
controlled at 45C while the ethylene
pressurewas:m'aiWained::at,450c1,;~kpa'.(4 .: berg).
The reaction wastertninated after 25 min; and the
procedure di FxarfjpJe:2;abbv8 =h:  was employed The
_groetuct mass was 118.78 g. The product :comprised:
6915% 1 coterie.  (98:9% Purity). -AMENDED SHEET  19
Example -.3: :tandem catalysis reaotion using
Cr{acetyiiasetonatels
(pfienyl)iPN(isopropyl)P(phenyt)Z, MAO and
dimethylsilyl-bis(2  methyt{!;5)benzolndenyl)
zirconium dichloride= in this ex riple 0011:-tnmol
Chromium. ace acetonate- i52 r-1 ",.. .  (  0;022-mmot
(( henyl) PM( sgpropyl)P(pheny))z (36;nig)lit a
Schielik;tdtie ufSdet an argon ._-y  atmosphere:with
10 iiitantiydrbu'stoluene as solvent.;-
'lie:meta~sa(teodytFio-l'igand.was':  stirred for 5
-minutes and-then added under inert conditions to a
Parx:::autoclave<'300 ;:Cape  ::x -. -.L  city); The
autoclave'was filled: a priori with 70 ml,
anhydrous-3oluer(e;as solvent<.;?'  Separately, 2 ml
of a' solution of dlmethylsilyl
tits(2-methyl(45)benzoittdenyJ):ziri niyrir ?::
dichloride 0.0022 mg) was added. to18 rill-anhydrous.
toluene, rt a t  



separate reaervoif:un'der'inert conditions
connected:-.16 :thg;inlett of arf-'HPEC'pump,_;
Approximately 1200'eq;(ori.9r) methylaluminoxane:(MAo)
was: add : 'tq-tie:%ttdcfave  under arggri:atsphere,;
The autoclave. was heated t6.-45---.!C , sealed,
antpte"asunseii  "'3500 kPa05 barg):.vir)th ethylene
whilst stirring: wascomwenceri;at 1200- pmt- At-,lob*;
,<  same:time'-the PofY'mensatiorfdata .. ;'t.r . fyst
solution was i3Jdedito:the aiitsicl&vesiougliarl m(s};
an; tha' Parr reactor that was connected to the'-
ddtfdt of the HDLG"purpp 7ha ', polymerisation'
catalyst was added at a rate of 066 ' mv/m&i:over a
pehoc :af`3a mllwes`;  _ t. after which=the reaction
vessel was cooled -down. and*'quenched Ir
ificettiaijCl:.~ ftet'30 _ :=:'  niinutes;
'the:autoclave tore opened and fhe contents CAI acted
for ana is:: The am sunr :^  of polymer.collected:was
found to be 23.16. with a martin 2 .f :; ::`:+;  g
9Paipt af.-]26C;aiaiiflri,'  amount of.1-octerae
incorporation as determined by :aC:nucleai'tnagnet*o
resonanc .:- sp ctroscopy of )2  ;aiopie 4; :Tandem'`
:catalysis reaction- using*":':.;
Ci(acz.IL4oripte)~::.  ;. (phenY
SPN(isopeopjs)P(ptienyl)Z, . MAO alto;.'-, =
teireinethy(cycldpentad(eny( -L  ihmethylsry1
t-butylamideto.titanium dichloride. = lit flits
example,:a solution of 20 ml
(phenyl)2R1V(iso-propyl)F?(pheiiyl}~.,(0-p4g-etmoQ
:iii.`.  anhyiirous.toluerie-and:20ml'uf a solution of
Cr(acetylabetoriate) 3:(O.a2?:nj[iiol In 30 rrafi ` -
AMENDED SHEET :.: 20 anhydrous toluGne.was added'to
a.Parr a4todave300 ml et gt:ihe swiie of "_10 of a
elution' of"
teGamethylcycloperrtadlenyFdlrttethylsilyf
tairttemidato_,fifarnirt _'  - dichloride. (0;026minoi
0".01; mg }was added'to `err.ejeterTSatreseribi~;alang
u ith j rm(  anhydrous toluene..The. exterrrai
reservoir (under argon ; atmQjheta) :was=caruwcte a.
inlet ofin..I-PLC pump APProximately 12Q0..eq .(C Ni
Ci} metkryialueiin"e ZMAQ.  :.;  



34 as added+to the autoclave: under inert conditions.
-:The :autoa4a 6_'dvas heated is _a ses-ed arid;
pressurised to 4300 Wa (43 berg):-.whit
'ethylene:,whits}= sf'irriFl :wag-e  comm9nCed: at
1200 ..rpm At the "same time. the.polyrjlerisatiori: i
atalyst solutiiu) vial;  ,:added tothe* autoclave
throh a separate inlet'on the . air reactor... "':: ':
- : That was _coiinected to  'the.outlet. of the HPLG
pump. The :polymerisation catalyst: was added>at`.a
rate ot;'0 6~  llmin over a period of 30 minutes after
which the teat on vessel.wa5,cboled .t wn'encl..;.;:
quenched with ethanol.'.. The. autoclave was 'opened
and tfie cdnien'ts'.collecfed-;fof..,  s analysis.;
t.hP.POIYmer'aft6f. drying in pielting:point-of 99
G-40:2.39 2.39 % incorporation of
1-oitene:as'detetitiinedusing13 The gmotiritiof of :
ercollected was 24.538. The density of ttiapolgrfre
.via :tleteriiriniid  Wbe.0.9202:g.cni 'Eicampi 3a
Tandein.eatatysis reaction `using (p jnethozyptrsnm?
!C Pid[ )t' P . _  i mietiro tier )t;
_Q(acetylacetonate  MAO' and: di of: eth
yls[f}rt`'fiisintl.(r)rit ziixfcipiurti: =
dichloride: :.ICY this",exainple, f0';ml 6f a' toluene
solution containing 0.03,:, niriol tbroitttunq
&cetytacetogate was Combined with 0.06 mmol " met
ioxyphenylyiPN(soPr?PYI)i'~P`.' _- . Y )z[ ' :'meth
lien I 30 iii 9]in aSchlerik tube under an argon-atr
iosptteie: '+7l o tttetat sat{;:  :.:
andahe,l(gand:was.stiired for.5 minutes and then added
ab..a' Parr:aufocrave (300+tijTi
opacity):.Under.inert conditions; The autoclave was
filled :a prrpri:.with fi4 ri(-arihydsou ; toluene- as
solvent.': Separately,. e.r'nt of-a solution. of
drtnathyfsilyl isindeiM zircbriiurrr.  dichloride
0'015 rrinrol}:O.Q067 mg), was added to'15ml
anrygdious tb-uerie:if1 &'sep ate'.
reserwi~.ugiieF.argtfh,that.was. connected to the
inlet.of.an HP.LC:puinp.+Appfoxlniat ply  600 'eq (ptt
Cry. mettiylatuminoxane (MAO) was -added"
to'"#ie-autocIk :;Urnder:iner  conditions< 7 he
autoclave. was heated to 45:-C,
:sealed'and-prsssunsAd:to a prssrira ts(  4100 icfaa
:(41 :berg). wiiti -ethylene whilst siimng was
dammnericed'et 1209 &rn ~ APtile'  earns tune the
polyrnerisgdon catalyst solution was
aided:to..tfie.AUtoCfave`,tt'rough a1I ?: 



paste inlet connected to the outlet of the HPLC. Pu rn
T e a 5-1 < P P:.hsa6on-catalyst:' 'C  iJ AMENDED
SHEET '  21 wes aaaed'at a rateof_U.33 ml/min over a
pariod.of-60 minutes afterrwhich- a (reaction  vessel
was cooled down. and quenched with ethanol.;
The.autocave:was:opehed'ar3d tfie:;  cbnteiitsollected
for :analysis. The 'amount of;polyimer-cefected. rii$s
t(dried fli.a'  vacuum oven: at 60 C for 12 h_ytelding
an amount ; of 51;1 i g with a ?n lfing;polnt'FSI: f
16:C'  :4.aid an;ariiount of,1'-octene-"incorporated
as deteunined.:by.' C =riyclesr`='Magi etiq  resonance
ectrosco . of 5.55 90.. The-density: of ttI .o' SP PY
p lynrer:;was"deta" ri-(ised"Lo.'-6:b  (fi8155 g-crn3
'.'.: ^:. ` '..;:';' ' !'[:':rah [. "`` camgle 6
;Tandem catalysis reaction -using (p-rnethoxyPlie!ayl
=Pt((Isoptopyf)F(p=  "metfioxgphenyl)z;=;
Cr(ecatyrtacetonate)3 .MAO and cyofopentsdlenLrl::tilr
tethy1sjll l- `   titanium.dchloride - -  IrS this
eicairiple;' 0,025.:.g.:of; ( methoxyphanyl)E
PN(iscipto i? maf~o e o ti]1) .QP xyPfi.. E?ylfa'{::*_
<r  =L:  ::.rtlmot}was'added.to`10'ml,of a toluene
solution- of Cr(acetylacretgiiata}3(O0 :nimol).lij:4
Schienk `tulle 'under an.argon atmosphere and allowed
ati `s? for'5 minutes unf I (iii  tlissoiwd.' t &4`4M,
10 ml of a cyciopentad eny( dimethyts(Ijrt
titaialu'rjri gichlorlcfe :'  ((103mijiol, 0:009.rrig)
.solution.in toluene-was added tti`an external
rbsattipi%'along.wittr;:r ,  Y10 ml anhydrous
tolueneThe-external;reservoir.w
sconnected.in.'tli@?niet'ofait HPLI' is pump. After
this, fha' 300'.rut :Parr autoclave was chaiged.with
60 ml arfhydrtiustoltiene;as  ';`Well -as: the
prevously_stirred
-Cr(acetylacetonate)3/(p-rtjethoxypheiiy 9
PN,(isopttapyi)P(P : , ;.  ,.Tnethoxyphgnyl)2 figand:
solution under inert condltons'Approximately 60 qq'
Eoti"Er). 



a. et ylalurninoxane':(MAO) ryas added di to the
autoclave under :juertcoiiditiotis:: ;TfSq=":-:
Mi:aiitaciave'was connected: to, the HPLC pump outlet-
and.:heated 'td 45C;.sea1ea pre urisec(:tnfta.pressure
of 5300 kPa'(53 bang) with,. ethylene : fol.t G
duiatioiioF'  reaction :(EO; itilriutes) whilst
stirring was commenced at IM rpm:; =At the ;sAirfs ti
tya: ;ti  Pcilymerisatiort=catalyst solution.-was
added to the autoclave ihrougfi:tite:H(?tG puriip
:ltit3  pglymernsafiorf catalyst .-added at a rate of
0.33; nit)-iiln .oyor a { 9r)oc 'ot. 60 rdinrltes: `
:;  `a?tet.whicirt'.the reaction .vessel' was
cooled-".down. an. quenched `*Wetfji r Tife._ :.
autoclave was opened and ttie contents
calletted.forani ijrsis!,l tie~iolynret=ootlei ted> :
:  washed- In cetone and duel in a vacuum oven-for: l
ti,-at 6,Q' G:: _ 7fie: dFgd potyineY=::  'amounted to
3-35tg Analyses of the polymer reveated:a mei>)ng
point of 128 ^C,and .:1: :"  % incorporation of
1-.octeneasdetermined by 13C NMR.; .AMENDED SHEET  22
Claims:  1. A process for polymerising olefins to
branched polyolefins by contacting at least one olefin
with a combination of catalysts comprising  (a) a
polymerisation catalyst; and (b) at least one
co-catalyst in the form of an ethylene tetramerisation
catalyst to produce 1 -octene from ethylene which
co-catalyst includes  the combination of - a
transition metal compound; and - a heteroatomic ligand
described by the general formula  (R)n A-B-C(R)m
wherein  A and C are independently selected from the
group consisting of  phosphorus, arsenic, antimony,
oxygen, bismuth, sulphur, selenium  and nitrogen; B is
a linking group between A and C; the R groups are the
same or different, and each R is independently
selected from any homo or hetero hydrocarbyl. group;
and 



n and m for each R is independently determined by the
respective  valence and oxidation state of A and C;
and provided that where the heteroatomic ligand is
described by the following  general formula
(R')(R2)A-B-C(R3)(R)  wherein A and C are
independently selected from the group consisting  of
phosphorus, arsenic, antimony, bismuth and nitrogen; B
is a linking group between A and C; and R'; A2, R3 and
R` are independently selected from the group
consisting of a hydrocarbyl group, a heterohydrocarbyl
group,  a substituted hydrocarbyl group and a
substituted  heterohydrocarbyl group; R', A2, R3 and
R4 being  characterised therein that either O any
substituents on one or more of R', R2, R3 and R4 are
not  electron-donating; and where R', R2, R3 and R4
are independently  aromatic, including heteroaromatic
groups, not all the groups R',  23 AMENDED SHEET R2,
R3 and R have a substituent on the atom adjacent to
the atom  bound to A or C; or (ii) at least one of R',
R2, R3 and R is substituted with a polar  substituent
on a second or further atom from the atom bound to A
or C and provided that any polar substituents on At,
R2, R3 and R.  are not on the atom adjacent to the
atom bound to A or C. 2. The process as claimed in
claim 1 wherein the olefin is ethylene and the
branched polyolefin is a branched polyethylene. 3. The
process as claimed in claim 1 or claim 2 wherein the
branched polyolefin  is linear low density
polyethylene. 4. The process as claimed in any one of
the preceding claims, wherein the  heteroatomic ligand
of the co-catalyst is described by the general formula
(R')(RZ )A-B-C(R3)(R where A and 



C are independently selected from the  group
consisting of phosphorus, arsenic, antimony, bismuth,
and nitrogen; B  is a linking group between A and C;
and R' to R4 are independently selected  from the
group consisting of a hydrocarbyl group, a
heterohydrocarbyl group,  and a substituted
heterohydrocarbyl group, R' to R4 being characterised
therein that either (i) any substituents on one or
more of R', R2, R3 and R4 are not  electron-donating;
and where R', R2, R3 and R4 are independently
aromatic, including heteroaromatic groups, not all the
groups R',  A2,R3 and R4 have a substituent on the
atom adjacent to the atom  bound to A or C; or (ii) at
least one of R', R2, R3 and R4 is substituted with a
polar  substituent on a second or further atom from
the atom bound to A  or C and provided that any polar
substituents on R', R2, R3 and R4  are not on the atom
adjacent to the atom bound to A or C. 5. The process
as claimed in claim 4 wherein R', R2, R3 and R4 are
independently selected from the group consisting of a
non-aromatic group,  and an aromatic group, including
a heteroaromatic group. 24 AMENDED SNE 6. The process
as claimed in claim 5 wherein each of R', R2, R3 and
R4 is  independently an aromatic, including a
heteroaromatic group and not all the  groups R', R2,
R3 and R4 have a substituent on the atom adjacent to
the atom  bound to A or C. 7. The process as claimed
in claim 6 wherein not more than two of R', R2, R3
and R4 have substituents on the atom adjacent to the
atom bound to A or C. 8. The process as claimed in any
one of claims 4 to 7 wherein any polar  substituent on
one or more of R', R2, R3 and R4 is electron-donating.
9. The process as claimed in any one of claims 4 to 7
wherein each non- electron donating substituent is
non-polar. 10. The process as claimed in any one of
claims 1 to 9 wherein B is selected from  the group
consisting of an organic linking group comprising a
hydrocarbyl,  substituted hydrocarbyl,
heterohydrocarbyl and a substituted  



heterohydrocarbyl; an inorganic linking group
comprising a single atom linking  spacer; and a group
comprising methylene, dimethylmethylene, 1,2-ethane,
1,2-phenylene, 1,2-propane, 1,2-catechol,
1,2-dimethylhydrazine, -B(R5)-, - Si(R5)2-, -P(R5)-
and -N(R5)- where R5 is selected from the group
consisting of  hydrogen, a hydrocarbyl or substituted
hydrocarbyl, a substituted heteroatom,  a halogen, a
cyclic heteroatomic group or a cyclic homoatomic
group. 11. The process as claimed in claim 10 wherein
B is a single atom linking spacer.  12. The process as
claimed in claim 10, wherein B is -N(R5)-, wherein R5
is  hydrogen or selected from the group consisting of
alkyl, aryl, aryloxy,  halogen, nitro, alkoxycarbonyl,
carbonyloxy, alkoxy, aminocarbonyl,  carbonylamino,
dialkylamino, or derivatives thereof, aryl substituted
with any  of these substituents, and any cyclic
heteroatomic group including  cyclopentadienyl
dimethylsilyl-t-butylamidato or a cyclic homoatomic
group  including cyclopentadienyl, indenyl and
fluorene. 13. The process as claimed in any one of
claims 1 to 12, wherein A and/or C is  independently
oxidised by S, Se, N or 0, where the valence of A
and/or C  allows for such oxidation. 25 AMENDED SHE
14. The process as claimed in any one of claims 1 to
12, wherein A and/or C is  independently phosphorus.
15. The process as claimed in claim 4, wherein R', R2,
R3 and R` are  independently selected from a group
consisting of a benzyl, phenyl, tolyl,  xylyl,
mesityl, biphenyl, naphthyl, anthracenyl, methoxy,
ethoxy, phenoxy,  tolyloxy, dimethylamino,
diethylamino, methylethylamino, thiophenyl, pyridyl,
thioethyl, thiophenoxy, trimethylsilyl,
dimethyihydrazyl, methyl, ethyl, ethenyl,  propyl,
butyl, propenyl, propynyl, cyclopentyl, cyclohexyl,
ferrocenyl and a  tetrahydrofuranyl group. 16. The
process as claimed in claim 4 wherein R', R2, R3 and
R4 are  independently selected from the group
consisting of a phenyl, tolyl, biphenyl,  naphthyl,
thiophenenyl and ethyl group. 17. The process as
claimed in claim 1 or claim 4, wherein the
heteroatomic  ligand is selected from the group
consisting of  



(phenyl)2PN(methy9P(phenyl)2,
(phenyQ2PN(pentyQP(phenyl)
(phenyl)2PN(phenyl)P(phenyl)2.
(phenyl)2PN(p-methoxyphenyl)P(phenyl)2,
(phenyl)2PN(p-butylphenyl)P(phenyl)2.
(phenyl)2PN((CH2)3-N- morpholine)P(phenyl)2,
(phenyl)2PN(Si(CH3)3)P(phenyl)2,
(((phenyl)2P)2NCH2CH2)3N, (ethyl)2PN(methyl)P(ethyl)2,
(ethyl)2PN(isopropyl)P(phenyl)z
(ethyl)(phenyl)PN(methyl) P(ethyl)(phenyl),
(ethyl)(phenyl)PN(isopropyl)P(phenyl)z
(phenyl)2P(=Se)N(isopropyl)P(phenyl)2,
(phenyl)2PCH2CH2P(phenyl)z (o-
ethylphenyl)(phenyl)PN(isopropyl)P(phenyl)z (o-
methylphenyl)2PN(isopropyl)P(o-methylphenyl)(phenyl),
(phenyl)2PN(benzyl)- P(phenyl)2,
(phenyl)2PN(1-cyclohexylethyi)P(phenyl)2,
(phenyl)2PN[CH2CH2CH2Si(OMes)]P(phenyl)2,
(phenyl)2PN(cyclohex)4)P(phenyl)2, (phenyi)2PN(2-
methylcyclohexyl)P(phenyQz
(phenyl)2PN(allyl)P(phenyl)2, (0-
naphthyl)2PN(methyl)P(o-naphthyi)2,
(p-biphenyl)2PN(methyl)P(p-biphenyl)2,
(p-Me-phenyl)2PN(methyl)P(p-Me-phenyl)2,
(o-thiophenenyl)2PN(methyQP(o- thiophenenyl)2,
(phenyl)2PN(methyi)N(methyl)P(phenyl)2. (m-Me
phenyl)2PN(methyl)P(m-Me-phenyt)2
(phenyl)2PN(isopropyl)P(phenyl)z  26 ~4ME iFil tui n
(phenyl)2P(=S)N(isopropyl)P(phenyl)2, and
(phenyl)2P(=S)N(isopropyl)P(=S) (phenyl)Z 18. The
process as claimed in claim 1 or 4, wherein the
heteroatomic ligand is  selected from the group
consisting of ((m-methoxyphenyl)2PN(methyQP(m-
methoxyphenyQz
(p-methoxyphenyl)2PN(methyi)P(p.methoxyphenyl)2, (m-
methoxyphenyl)2PN(isopropyl) P(m-methoxyphenyl)2,(p
methoxyphenyl)2PN(isopropyl) P(p-methoxyphenyl)2, (P-
methoxyphenyl)2PN(2-ethylhexyl)P(p-methoxyphenyl)2,
(m- methoxyphenyl)(phenyl)PN(methyl)P(phenyl)2 and (p-
methoxyphenyl)(phenyQPN(methyl)P(phenyl)2, (m-
methoxyphenyl)(phenyl)PN(methyl)P(m-methoxyphenyl)(phe
nyl), (p-
methoxyphenyl)(phenyl)PN(methyl)P(p-methoxyphenyl)(phe
nyl), (m- methoxyphenyl)2PN(methyl)P(phenyl)2 and (p- 



methoxyphenyl)2PN(methyl)P(phenyl)2,
(p-methoxyphenyl)2PN(1-
cyclohexylethyl)P(p-methoxyphenyl)2,
(pmethoxypheny02PN(2-
methyicyclohexyl)P(p-metho)cyphenyl)2i
(p-methoxyphenyQ2PN(decyl)P(p- methoxyphenyf2,
(p-methoxyphenyI)2PN(pentyl)P(p-methoxyphenyl)2, (p-
methoxyphenyi)2PN(benzyl)P(p-methoxyphenyl)2, (p-
methoxyphenyl)2PN(phenyi)P(p-methoxyphenyl)2, (p-
fluorophenyl)2PN(methyl)P(p-fluorophenyl)2,
(o-fluorophenyl)2PN(methyl)P(o- fluorophenyl)2,
(p-dimethylamino-phenyl)2PN(methyl)P(pdimethylamino-
phenyl)2,
(pmethoxyphenyl)2PN(allyl)P(pmethoxyphenyl)2, (p-(p-
methoxyphenyl)-phenyl)2PN(isopropyl)P(p-(p-methoxyphen
yl)-phenyi)2 and
(p-methoxyphenyl)(phenyi)PN(isopropyl)P(phenyl)2. 19.
The process as claimed in any one of the preceding
claims wherein the  polymerisation catalyst is
selected from the group consisting of a Zegler- Natta
catalyst, an unbridged metallocene, a half sandwich
metallocene, a  carbon-bridged metallocene and a
silyl-bridged metallocene. 20. The process as claimed
in claim 19, wherein the Zegler-Natta catalyst is
selected from the group consisting of TiCI3-Et2AICl,
AIRS-TiCIL. 21. The process as claimed in claim 19,
wherein the unbridged metallocene is  selected from
the group consisting of:
bis(cyclopentadienyl)chromium(II),  27 i.ars r:~rc~
ouccr bis(cyclopentadienyl)-zirconium Chloride
hydride,  bis(cyclopentadienyl)-titanium dichloride,
bis(cyclopentadienyl)-zirconium dichloride,
bis(cyclopentadienyl)-zirconium dimethyl,
bis(rrbutylcyclopentadienyl)-zirconium dichloride,
bis(n-dodecylcyclopentadienyl)-zirconium dichloride,
bis(ethylcyclopentadienyl)-zirconium dichloride,
bis(iso-butylcydopentadienyl)-zirconium dichloride,
bis isopro ( pylcyclopentadienyl)-zirconium
dichloride,  bis(methylcyclopentadienyl)-zirconium
dichloride,  



bis(n-octylcyclopentadienyl)-zirconium dichloride,
bis(n-pentylcyclopentadienyl)-zirconium dichloride,
bis(n-propyicyclopentadienyl)-zirconium dichloride,
bis(trimethylsilylcyclopentadienyl)-zirconium
dichloride,
bis(1,3-bis(trimethylsilyl)cyclopentadienyl)-zirconium
dichloride,
bis(1-ethyl-3-methylcyclopentadienyl)-zirconium
dichloride,
bis(pentamethylcyclopentadienyl)-zirconium dichloride,
bis(pentamethylcyclopentadienyl)-zirconium dimethyl,
bis(1-propyl-3-methylcyclopentadienyl)-zirconium
dichloride,  bis(4,7-dimethylindenyl)-zirconium
dichloride,  bis(indenyl)-zirconium dichloride,
bis(2-methylindenyl)-zirconium dichloride,
bis(2-methylindenyl)-zirconium dichloride, and
cyclopentadienylindenyl-zirconium dichloride. 22. The
process as claimed in claim 19, wherein the half
sandwich metallocene is  selected from the group
consisting of: cyclopentadienyl-zirconium trichloride,
pentamethylcyclopentadienyl titanium trichloride,
pentamethylcyclopentadienyl-titaniumTrimethoxide,
pentamethylcyclopentadienyl-titanium Trimethyl,
pentamethylcyclopentadienyl-zirconium trichloride,
tetramethylcyclopentadienyl-zirconium trichloride, and
1,2,4-trimethytcyclopentadienyl-zirconium trichloride.
23. The process as claimed in claim 19, wherein the
carbon-bridged metallocene  is selected from the group
consisting of: 7R At4cMin^n ('turf
diphenylmethylidene(cyclopentadienyl)-(9-fluorenyl)-zi
rconium dichloride,
diphenylmethylidene(cyclopentadienyl)-(indenyl)-zircon
ium dichloride,
iso-propylidenebis(cyclopentadienyl)-zirconium
dichloride,
iso-propylidene(cyclopentadienyl)(9-ftuorenyl)-zirconi
um dichloride, and
iso-propylidene(3-methylcyclopentadienyl)-(9-fluorenyl
)-zirconium dichloride.
ethylene-bis(9-fluorenyl)-zirconium dichloride,  



meso-ethylene-bis(1-indenyl)-zirconium dichloride,
rao-ethylene-bis(1-indenyl)-zirconium dichloride,
rao-ethylene-bis(l-indenyl)-zirconium dimethyl,
rao-ethylene-bis(2-methyl-l-indenyl)-zirconium
dichloride, and
rao-ethylene-bis(4,5,6,7-tetrahydro-l-indenyl)-zirconi
um dichloride 24. The process as claimed in claim 19,
wherein the silyl-bridged metallocene is  selected
from the group consisting of:
dimethylsilyl-bis(cyclopentadienyl)-zirconium
dichloride,  dimethylsilyl-bis(94luorenyl)-zirconium
dichloride,
rao-dimethylsilyl-bis(1-indenyl)-zirconium dichloride,
meso-dimethylsilyl-bis(2-methylindenyl)-zirconium
dichloride,
rao-dimethylsilyl-bis(2-methylindenyl)-zirconium
dichloride,
rao-dimethylsilyl-bis(tetrahydroindenyl)-zirconium
dichloride,
dimethylsilyl-bis(tetramethylcyclopentadienyl)-zirconi
um dichloride,
diphenylsilyl(cyclopentadienyl)(9-fluorenyl)-zirconium
dichloride, and  diphenylsilyl-bis(indenyl)hafnium
dichloride. 25. The process as claimed in any one of
the preceding claims, wherein  branched polymers in
the form of polyolefins are formed by means of a
tandem tetramerisation due to the co-catalyst and a
polymerisation process  due to the polymerisation
catalyst. 26. The process as claimed in claim 25, the
tandem tetramerisation and  polymerisation process is
an in situ catalysis process wherein tetramerisation
and polymerisation takes place in the same reaction
medium. 27. The process as claimed in claim 26,
wherein, the in situ catalysis process is  an in-situ
concurrent catalysis process. 29 AMENDED SHED 28. The
process as claimed in claim 26, wherein the in situ
catalysis process is  an in situ consecutive catalysis
process. 29. The process as claimed in claim 26
wherein the olefin in the form of ethylene  is
tetramerised using the co-catalyst to produce 1-octene
and the 1-octene is  copolymerized in situ with
ethylene using the polymerisation catalyst. 30. The
process as claimed in claim 29 wherein the
polymerisation catalyst  



includes a transition metal. 31. The process as
claimed in any one of claims 1 to 30, which includes
the step  of combining the heteroatomic ligand with
the transition metal compound and  an activator in the
presence of the polymerisation catalyst. 32. The
process as claimed in claim 31, wherein the transition
metal of the  transition metal compound is selected
from the group consisting of chromium,  molybdenum,
tungsten, titanium, tantalum, vanadium and zirconium.
33. The process as claimed in claim 32, wherein the
transition metal of the  transition metal compound is
chromium. 34. The process as claimed in any one of
claims 1 to 33, wherein the transition  metal compound
of the co-catalyst is selected from the group
consisting of an  inorganic salt, an organic salt, a
coordination complex and organometallic  complex. 35.
The process as claimed in claim 34, wherein the
transition metal compound is  selected from the group
consisting of chromium trichloride
tris-tetrahydrofuran  complex, (benzene)-tricarbonyl
chromium, chromium (111) octanoate,  chromium (I11)
acetylacetonate, chromium hexacarbonyl and chromium
(III) 2- ethyihexanoate. 36. The process as claimed in
claim 35, wherein the transition metal compound is
selected from the group consisting of chromium (III)
acetylacetonate and  chromium (III) 2-ethylhexanoate.
30 AMENDED SHEEI 37. The process as claimed in any one
of claims 1 to 36, wherein the transition  metal of
the transition metal compound and the heteroatomic
ligand are  combined to provide a transition
metal/ligand molar ratio from about 0.01:100  to 10
000:1. 38. The process as claimed in any one of claims
1 to 37, wherein the co-catalyst  includes an
activator selected from the group consisting of an
organoaluminium compound, an organoboron compound, an
organic salt, an  inorganic acid and an inorganic
salt. 39. The process as claimed in claim 38, wherein
the activator is an  alkylaluminoxane. 



40. The process as claimed in claim 39, wherein the
transition metal of the  transition metal compound of
the co-catalyst and the aluminoxane are  combined in a
proportion to provide an Al/transition metal molar
ratio from  about 1:1 to 10 000:1. 41. The process as
claimed in any one of claims 1 to 40, wherein the
heteroatomic ligand and the transition metal compound
of the co-catalyst are  combined at any temperature
between -20C and 250C in the presence of  the olefin.
42. The process as claimed in any one of claims 1 to
41, wherein the co-catalyst  and polymerisation
catalyst are combined in the molar ratio of 0.01:100
to  10000:1. 43. The process as claimed in any one of
the preceding claims, which is carried  out in an
inert solvent. 44. The process of any one of the
preceding claims wherein the olefin is ethylene  which
is contacted with the combination of catalysts at a
pressure of more  than 100 kPa (1 barg). 45. The
process as claimed in any one of the preceding claims,
wherein the  polymerisation catalyst and the
co-catalyst are mixed at any temperature  between -20C
and 250C in the presence of the olefin. 31 AMGUnGn
curer 46. The process as claimed in any one of the
proceeding claims where the  process is carried out in
a combination of reactors, the first reactor being a
continuous stirred tank reactor and the second reactor
being selected from  the group consisting of a batch
reactor, a continuous stirred tank reactor and  a plug
flow reactor. 47. A catalyst combination comprising
(a) a polymerisation catalyst; and (b) at least one
co-catalyst in the form of an ethylene tetramerisation
catalyst to produce 1-octene from ethylene which
co-catalyst includes the  combination of - a
transition metal compound; and - a heteroatomic ligand
described by the general formula  



(R), A-B-C(R)m wherein  A and C are independently
selected from the group consisting of  phosphorus,
arsenic, antimony, oxygen, bismuth, sulphur, selenium
and nitrogen; B is a linking group between A and C;
the R groups are the same or different, and each R is
independently  selected from any homo or hetero
hydrocarbyl group; and n and rn for each A is
independently determined by the respective  valence
and oxidation state of A and C; and provided that
where the heteroatomic ligand is described by the
following  general formula (R')(R2)A-B-C(R3)(R4)
wherein A and C are independently selected from the
group consisting  of phosphorus, arsenic, antimony,
bismuth and nitrogen; B is a linking group between A
and C; and R', R2, R3 and R4 are independently
selected from the group  consisting of a hydrocarbyl
group, a heterohydrocarbyl group,  32 AMENDED SHEET a
substituted hydrocarbyl group and a substituted
heterohydrocarbyl group; R', R2, A3 and A4 being
characterised therein that either (i) any substituents
on one or more of R', R2, R3 and R4 are not
electron-donating; and where R', R2, R3 and R4 are
independently  aromatic, including heteroaromatic
groups, not all the groups R',  R2, R3 and R4 have a
substituent on the atom adjacent to the atom  bound to
A or C; or (ii) at least one of R', R2, R3 and R4 is
substituted with a polar  substituent on a second or
further atom from the atom bound to A  or C and
provided that any polar substituents on R', R2, R3 and
R4  are not on the atom adjacent to the atom bound to
A or C. 
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